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Abstract
This thesis is an examination of the birth, growth, advancement and application of 
Bioclimatic Design ideas. It involves the study of the correlation between the evolution of 
the human ability in using energy in and around buildings (based upon people's response 
to the energies of the climate) and the development of this coherent approach to design 
which can be properly entitled 'Bioclimatic Design'.
The original contributions in this thesis include:
- The topic researched and the framework employed.
- The formulation of a distinct explanation of the discipline of Bioclimatic Design, 
defined in terms of the unifying role of the concept of energy.
- The establishment of the (matter, energy and information) framework, which allowed 
the conception of original sequences and interrelationships for this discipline.
- This framework permitted an unconventional study of architecture and elicited the 
context for a particular investigation of the development of Bioclimatic Design.
- The translation of ideas from various fields into Bioclimatic Design.
- The extent given to the historical account of this discipline forms a distinct contribution 
to the knowledge of the subject and constitutes a new approach to it.
- Throughout this thesis specific causal relationships were identified (between historical 
or environmental circumstances and the professional attributes of architects) which 
allowed some valid generalisations to be made.
Central to this thesis is the argument that humans are energy-sensitive creatures (homo 
energeticus) and that energy constitutes one fundamental factor in the production, 
configuration, perception and use of buildings. The flow of energy in and out of 
buildings is continual and crucial to human survival and well-being. This thesis attempts 
to sketch out the meaning of a discipline that is concerned with energy in buildings, 
together with the values and changes that attach to it.
Part of this study is concerned with the preparation of a framework for the understanding 
of the development and role of Bioclimatic Design in architecture. Fundamentally an 
achievement of the twentieth century, Bioclimatic Design is a relatively new systematised 
discipline in architecture; a method of investigation into people, buildings, and the 
surrounding environment. More especially, into the energy component of this 
relationship.
u
This thesis emphasises that architects need to explore the interdisciplinary basis of 
Bioclimatic Design, in order to be able to interpret the relationship between the adequate 
provision of the basic functions of buildings and the availability of resources. The 
proposed framework can be used as a distinctive tool to scrutinise these connections.
This study explores the historical events and ideas which enabled Bioclimatic Design to 
be realised and systematised. The immediate prospect of this research is the existing 
experience and knowledge basis of the design, development and improvement of 
environmental control systems and techniques in architecture.
The cumulative growth of information (in the form of science and technology) and the 
increasing availability of energy and material surpluses, it is argued, were the central 
causative agencies underlying the development of Bioclimatic Design during this last 
century. The characteristics with which descriptions and associations are sought between 
these factors is reflected in the structure of the thesis. However, emphasis is placed on 
the issue of energy and the architectural implications of its use and availability.
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INTRODUCTION
Introduction
Although we may not arrive at a perfect knowledge of the facts, some advantages may be derived from 
the attempt, such as suggesting inquires, and giving interest to an important and heretofore unexplored 
subject, or generalizing and arranging sound practical observations, so as to induce others to take it 
up. (C.H. Smith, Lithology; or Observations on Stone Used for Building, 1842: 129. quoted in 
Fitchen 1988)
Motivation
The motivation for doing this thesis is a personal conviction (shared, at least in part, by 
other colleagues with whom I have often discussed it), that Bioclimatic Design is not a 
separate, detached technique or field of knowledge within the practice and discipline of 
architecture, but that it permeates all architecture, independent of location, time or style.
My first interest in Bioclimatic Design was aroused during my years of practising 
industrial architecture in the late 1970s and early 1980s. This was a time of ideological 
contention in Brazil, the nation had been politically restructured. This added to public 
interest in social and political issues and even some radicalisation. Industrial architecture 
was one of the reasons for my professional enthusiasm and perplexity. There were only 
few colleagues interested in this area and I could not elucidate the tensions and conflicts 
between technical concerns about the work environment, efforts to improve ambient 
conditions for workers on the one hand, and the architect’s contribution to designing 
buildings for profitable goods and services on the other.
The experiential basis for this research is more than seventeen years of diligent work for 
the private and public sectors, comprising the design of industries, hospitals, health care 
facilities and residences, first as a designer-architect and later as a teacher and researcher 
at the university. During this time I have had the opportunity to travel widely, and live, 
study and work in four continents. This study has a European and derivative bias, 
because this represents the basis of my experiential and learning background.
Architecture has become a substantial part of my life; I have worked with the extremes; 
the very poor and the very wealthy; the very sick and desolate and the very fit and 
optimistic. It has been useful for me to be a consistent observer of the architectural 
phenomena and to try to develop new ways to explain and describe architecture, 
especially in relation to human needs and environmental demands. My professional 
experience has been concerned with the conceptual phases of the design process, the 
coordination of the collaborative work of consulting engineers and the supervision of 
construction works.
It is after those years of practical and some scientific work that I have developed some 
fundamental principles that I wish to explore further. Of course these ideas have not 
always been so emphatic and articulated. They will surely continue to develop, change
1
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and become more well-founded.
I have enjoyed working within the tropics (Northeastern states in Brazil and Mozambique) 
and experimenting with the application of natural light, prevailing breeze, solar radiation, 
views, local materials, etc.. As my professional interests developed into doing buildings 
in a more humanistic way - buildings that could effectively interact with the surrounding 
environment - a major question occurred to me: what kind of knowledge should I attempt 
to master if I want my buildings to be comfortable, healthy and synchronous to the 
surrounding environment?
Having been educated in a period when science seemed infinitely fragmented, its 
practitioners highly specialised, and experimentalists, theoreticians and designers likely to 
find themselves on totally different localities and institutions, I found myself perplexed as 
to whether my destiny would be in an art atelier or in a science laboratory.
I had nothing in particular against these options, but none seemed to satisfy my 
objectives; although the sciences had higher status at the time, one had but to scan the 
employment notices in science periodicals to realise in an instant what type of scientist 
was sought the most by academia, industry or government. For what is worth, I confess 
unabashedly to being an impulsive and honest designer and educator.
I struggled through and decided to reflect more and assimilate the deep ideas and the 
philosophical relations that were arising from my apprehensions. Disaffected with a field 
that seemed to lack historical background and fundamental principles; in which I, quite 
literally, knew that there were still wonderful things to be learned and to be done, I found 
it useful to consider the total, elementary energy exchanges between people, buildings 
and the environment. In general, the aspects of design which impinge upon people 
directly; which immediately surround them, and which can be very meaningful to them.
Purpose
I have been thinking about Bioclimatic Design for more than 14 years now, and this has, 
no doubt, both strongly and subtly influenced how buildings and the environment present 
themselves to me. There are laws, principles and concepts as familiar to me as the name 
of people close to me. Many colleagues are unaware of them and some would not believe 
them even if informed.
There is a qualitative difference between the tangible (matter dominated), physical realm 
of the architecture made before the twentieth century, on which the theory of architecture 
is heavily based, and the invisible domain of the energy phenomena and their composite
2
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configurations which so strongly characterise the buildings of today. The principles 
governing the latter give rise to peculiar effects, especially in terms of human senses, 
perception and reactions. They have not been, and most likely will never be, fully 
measured or interpreted in terms of a purely scientific or design problem.
This thesis is a response to some of these concerns, it attempts to synthesise recent 
changes in architectural thinking which are concomitant with the development of the 
discipline of Bioclimatic Design. It strives to do this from the viewpoint of a practising 
architect, without attempting to convince designers to become amateur scientists.
It attempts to find grounds for a more objective view of the architect participation in the 
design of sound buildings. I also hope that it will stimulate critical reflection over 
architects’ 'traditional role' and ‘conventional wisdom’. I expect they will recognise the 
potential gains to be made with a new and different approach to architectural design.
One major purpose of this thesis is to provide practicing professionals, academicians, and 
students in architecture with a study of, and reference to, the rapidly emerging field of 
Bioclimatic Design. Specifically, the chapters have been structured and organised to 
address the supplementary questions: what is Bioclimatic Design, what is the context for 
its development, and what are the important substantive issues relative to its general 
adoption?
In order to facilitate the understanding of the development and role of Bioclimatic Design 
in architecture, a framework will be proposed. Hopefully, through its generic application, 
it will encourage architectural research and design to advance within a more rational 
context.
Chapter structure
The thesis is divided into five chapters. Chapter 1 proposes and describes the framework. 
It suggests that architects need to reconsider their approaches to designing. It argues that 
traditional concepts of architectural design may no longer be adequate for the complexity 
of demands and tasks that architects face today. Chapter 1 suggests that architecture and 
more specifically Bioclimatic Design, require a more pragmatic theoretical base.
An attempt will be made in chapter 1 to identify the fundamental factors underlying the 
production of architecture. Such effort will probably help to simplify this particular 
investigation and also allow an improved perception of the manifold processes and 
varying forms of architecture.
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Chapter 2 traces the developments in energy use that have led to the establishment of 
Bioclimatic Design. It is basically concerned with the architectural implication of 
fundamental processes of energy utilisation; it studies the antecedents of Bioclimatic 
Design through some main stages of evolution in energy use in human settlements. This 
chapter sketches a scenario encompassing the architectural vicissitudes of environmental 
control techniques; from the elementary use of bare matter leading up to highly 
sophisticated uses of concentrated energy sources.
It is the object of this chapter to review the literature pertinent to the general question: how 
has the use of energy affected the environmental control function of buildings? The 
emphasis will be on summarising and integrating the empirical evidence.
Chapter 3 starts from the view that a search must be made as a fully developed theory still 
does not exist to explain the flow of energy between people, buildings and the 
environment. It examines the methodological contributions of the sciences and more 
specifically the architectural sciences. It studies the convergence of influences relating to 
Bioclimatic Design, leading to the publication of Olgyay’s influential book in 1963.
The aim of chapter 3 is to trace the events and ideas leading up to the formulation of this 
discipline. It will focus on advances in practice, technology and research towards 
exploiting the opportunities which arise in the design of buildings, to closely integrate 
considerations of energy use in architecture. It will show what the functions of the 
discipline have been, and how it has set about fulfilling them.
Chapter 4 consists of a general summary of current energy issues. It looks at the 
divergence from the point left in the previous chapter. As opposed to the traditional view 
based on a sharp distinction between people, buildings and the environment (actually 
highly critical of this division in any form), chapter 4 argues that architectural practice and 
education should regard the broad context: people, buildings and the environment in their 
unity. Bioclimatic Design understands architecture wherein people and their environment 
mutually include and define each other. It focuses upon energy not as something apart, 
disconnected, existing outside and beyond people, but as subject to human participation, 
reaction, appropriation, scrutiny, interaction, and creative interest.
Chapter 4 already leads to the conclusion which is chapter 5.
Identifying problems
A characteristic that has been common to most discussions of architecture is their 
disregard of the experiential reality of buildings other than the visual experience.
4
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Architecture is mostly understood as an art form and its objects (buildings) are taken 
almost absolutely as a visual phenomenon (this will be discussed in section 3.1).
As Hillier and Leaman (1976) point out in their article 'Architecture as a Discipline', the 
knowledge that is required is more about the structure of connections between human 
needs and physical artefacts as they exist in the real world.
An additional flawed aspect of the study of architecture, according to Gutman (1989), is 
that architecture itself and statements about architecture belong to totally different realms 
of discourse; form is communicated by means of a language consisting of spaces, 
building elements and materials, whereas professional achievements are described in a 
language consisting of words.
Much of the architectural literature appears to be more concerned with the visual 
impressions of architecture than with its purpose. Often, the appearance of a building is 
put ahead of its utility and energy performance, and aesthetics provides 'good excuses’ 
for many shortcomings in design. Whether such an emphasis is valid, is debatable, for 
some people might feel the building itself is more important than its image.
Regardless of the problem of emphasis on core or periphery, it remains a fact that 
statements about architecture are often arbitrary and subjective. The problem is that one 
cannot be sure about the connections between statements made in the two realms. This 
was found to be a necessary opening challenge in the development of this work.
This study looks back into history. History is always selective, as well as argumentative. 
Therefore this work must have a point of view, it must take a particular route. In a far- 
ranging literature research of this kind it is always necessary to decide what material will 
be considered and what will be excluded. Chapter 1 will set a framework which serves as 
a guiding itinerary.
The intention is not to approach the subject as a historical inventory. Although this work 
is based upon current historical and anthropological accounts and employs their 
chronology and many terms of their language, this thesis is actually an account of the 
inferences that follow from the set of assumptions which will be introduced in chapter 1.
It must be made clear at the outset that this thesis is not a single description of past 
episodes, still less is it a history of architecture. It is an analytical study of the 
development of Bioclimatic Design. Seen in this way, it attempts to connect the past not 
only to present circumstances but to the future as well, procuring a sense of continuity 
and progression from which it may be possible to extrapolate.
5
INTRODUCTION
Like some other disciplines, architecture as a whole became incredibly complex and now 
it almost defies understanding because a large number of operative variables and elements 
must be identified, considered and assessed.
This work tries to demonstrate that the contemporary study and practice of architecture 
needs more than artistic talent or sensitivity alone. Obviously they are necessary 
conditions for good design, but they can no longer be regarded as sufficient grounds. 
Architecture has become a too complex system do be dealt with in a mystified, emotional, 
capricious way. It can be studied or researched in different methods; modem architectural 
practice embraces a very extensive field of information and activities, ranging from the 
chemistry of building materials to the psychological aspects of human behaviour; an 
enormous complexity of factors influence architecture.
In regard to the discipline of Bioclimatic Design there are even more delicate problems; 
being a late curricular addition, there is very little consensus on what is fundamental to it, 
including its title. The uncritical widespread use of the term 'Bioclimatic Design' 
represents a possible inherent drawback, as it may invoke an implicit assumption of the 
unity of all 'bioclimatic' events.
Throughout most part of architectural history, Bioclimatic Design was unknown and 
undefined, therefore it may be misleading to infer that'all related ideas and innovations 
were carried out toward the empirical investigation within its domain. In short, the 
purpose of this research is not to generalise about the nature of achievements in this field 
but rather to discuss the processes by which, at least in some cases, they seemed to have 
influenced the built environment.
Primary premises
This study endeavours to trace the development of Bioclimatic Design as a discipline. Its 
main concern is an attempt to answer these general questions: why did Bioclimatic 
Design develop, how (in which context) it did, and why has it taken the form it has 
taken? In so far as the answers to other unspecified questions are to be found here, they 
must be taken as purely incidental to the main inquiry.
Other pertinent questions are: how important is Bioclimatic Design to architecture? Can an 
architect avoid it in designing buildings for people? Can its principle and knowledge be 
disregarded? Can architects rely just on consultants or instincts and feelings for the 
achievement of good design?
The answer to all these questions gradually emerges from the whole text. Certainly, there
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is also a need to take account - to draw together what is known about Bioclimatic Design 
in theory, to identify clearly its principles and implications, and to look at the successes, 
problems, and constraints of the vast experience of this field to date.
Summarisation can make things appear much simpler than they really are. However, 
there may be some advantages in this; although a general examination of a subject in four 
or five chapters is probably bound to be drawn to a very small scale. Architects know that 
when designing to a small scale, such as at the beginning of a project, the building is 
considered in its broadest sense, and very much in terms of its essential attributes; the 
purpose of the building, how people will use it, the principles of its structure, and so on. 
This is an extremely valuable tool which helps to approach the significance of the whole 
building. In a similar way here, although summarised, an attempt will be made 
objectively to keep the essentials of the topic.
Transforming the object of study into something much smaller, allows one to adopt a 
more wide-ranging overview. A broad view of the whole is usually made possible only 
by a certain distance, and it is vital for understanding the contours and the definition of 
the topic.
The views that attempt to ascertain the significance of Bioclimatic Design to the practice 
of architecture are almost as varied as their originators themselves. In summary, the more 
acquainted ones consider the physical comfort and well-being of people as the key 
factors; others consider the interactive relationship between buildings and their 
surroundings as more important; more recently, the issues of embodied energy and the 
capacity of the building to conserve energy have been the focus. This thesis suggests that 
energy, or more precisely, the controlled flow of energy moving from the environment, 
through buildings to people and vice-versa is the essence of this discipline.
A framework will be developed, and hopefully it will become evident that architecture has 
to be studied and practiced with due cognisance for the context of its resources base. It 
has to be designed to provide as much comfort and as healthy conditions as people need 
and want. Unless architecture is designed and constructed sensibly, in a responsible way; 
to meet the physiological and energy needs and conveniences of its users, it will be 
uncomfortable, unpleasant, dangerous to health, unable to sustain, let alone fulfil delight, 
contentment, or improve living standards.
This criterion seems obvious; the environmental control function of buildings is 
absolutely essential. It ensures their soundness and gives the users a feeling of comfort, 
well-being and protection. While there are always some additional aspects to be 
considered in the design of a building, it must primarily protect people from the exposure
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of the negative aspects of the surrounding environment and the energy oscillations of the 
natural environment.
The scope of Bioclimatic Design involves two different premises; one is a problem of 
scientific discernment - how can architects be competent with the application of energy 
throughout the design, production, use and performance of buildings? The second 
concerns the suitability and integration of this knowledge in design.
The historical development of Bioclimatic Design can not be looked upon as simply a 
description of innumerable inventions and ideas which enabled architects to design 
comfortable and serviceable buildings. Many fundamental ideas emerged much earlier 
than the historical records. From time to time ideas and inventions have appeared which 
caused influences to the entire subsequent architectural history (eg, particular effective 
systems for heating, lighting, ventilation, air conditioning, etc.).
The argument is that humans are energy-sensitive creatures {homo energeticus) and that 
energy constitutes an essential factor in the production, configuration, perception and use 
of buildings. The flow of energy in and out of buildings is continual and crucial to 
human survival and well-being. It occurs either simultaneously through the building's 
material structure (more traditionally) or by the extra energy supplied by fire or by 
electricity through building services equipment (more recently). The control required is 
determined by the amount of energy that must be supplied to or extracted from the 
internal environment so as to balance the energy exchange between people's bodies and 
the environment to comfortable levels.
Although being only recently systematised into a new discipline, my thesis is that some 
basic Bioclimatic Design principles are as old as architecture itself. It has developed with 
concomitant progresses in mankind's intelligent appropriation of matter and energy in a 
continuous effort to regulate the surrounding environment to their need and preference.
One essential conviction that permeates this work is that designers competence can make 
a meaningful contribution to the field of Bioclimatic Design and vice versa. There are 
specific and useful knowledge and benefits resulting from the scientific conception and 
understanding of the relationship between people, buildings and the environment, and 
this can surely enrich the practice of architecture.
A second conviction is that Bioclimatic Design requires the integration of several fields of 
knowledge in the design process. In addition to their basic knowledge of building 
techniques and aesthetics, architects can make a valuable contribution in the form of 
methods and tools for facilitating the integration of different kinds of knowledge in the
8
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design process.
Basic definitions
This thesis will be written from the architectural point of view, integrating some physical, 
biological and ecological notions shared by the natural sciences. In the interest of 
specificity, the definitions used here will be based upon the biological sciences' concept 
that each human being, as a living organism is surrounded by an environment, and that 
the maintenance of human life is dependent upon a constant interaction between the 
organism and its environment, and a constant interchange of matter (water, carbon 
dioxide, oxygen, food, minerals, salts and organic substances), energy (heat, light, 
kinetic energy), and information.
In technical terms, the living organism is regarded as a finite, remarkably organised, 
biological system, which maintains itself in a state of dynamic balance with the 
environment by the utilisation of matter, energy and information .
Environment is defined here as the aggregate of external conditions that influences life. 
It consists of nature's universal elements; these exist whether or not man is on the scene 
(the environment is understood as the medium external to human beings, it excludes any 
cultural component). Therefore, the environment of man, in the broadest sense, can be 
defined as all of the universe that is outside of his boundaries; more specifically it is 
considered to be made of those parts of the universal system with which he interacts.
In order to discuss the relationship between people, buildings and the environment, it is 
also necessary to define some basic terms such as 'Bioclimatic Design', 'energy' and 
'built environment' as they may have different meanings for different people.
In general terms, Bioclimatic Design is an ancient practice as old as architecture itself, 
aiming to provide through building design, physical protection and physiological comfort 
by optimal use of resources, climate and natural environment. Obviously, the following 
is not the first definition of Bioclimatic Design. It is obvious that others have been made, 
and eventually some others may be formulated. But for the moment, this is offered: 
Bioclimatic Design is a disciplined approach to architecture that fosters the acts of 
envisaging, defining, constructing and appraising whole functioning buildings containing 
and including all environmental control systems in various combinations. It consists of a 
coherent set of principles, techniques and physical entities organised for the purpose of 
sensibly controlling the flow of energy between people, buildings and the environment.
Bioclimatic Design as a discipline deals perhaps with the most basic function of
9
INTRODUCTION
buildings, the mediation between indoor and outdoor environments. Architecture is 
objectively understood here as the material separation between inside and outside, 
regulating the energies of the natural and uncontrollable exterior environment from the 
carefully modulated interior world.
This discipline is complex, broad, and cuts across several specialised fields; it 
investigates what factors of the external environment are to be excluded from the indoors 
and how; what is to be positively admitted and how. It is a multi-disciplinary subject. Its 
purpose is to provide, through design, satisfactory, healthy, comfortable environments. 
Historically it has enabled people to sustain and improve the quality of their lives, by 
securing comfortable and healthy indoor conditions.
The object of Bioclimatic Design is to examine the material and energetic circumstances 
around and inside buildings and advise how they must be modified. From the plethora of 
all environmental factors, this discipline helps the designer to determine what goes into 
the creation of a nurturing interior environment. The science, the engineering, the 
creativity and technology involved are only means to this end.
Another potential application of Bioclimatic Design is the determination of the spatial and 
physical characteristics of the building fabric, especially its envelope, contemplating those 
components which interfere most with the flow of energy. It can help designers to decide 
how such components need to be designed and operated to regulate the flow of energy.
It also involves the resolution of the active systems and the values at which they should 
maintain the internal environment under different circumstances. The environmental 
variables normally considered include air temperature, solar radiation, air speed, relative 
humidity, indoor air quality, lighting levels, noise, etc..
Szokolay (in private communication) defines Bioclimatic Design as design to facilitate the 
survival and comfortable existence of biological organisms within a given set of 
climatic conditions. Climatic conditions are shaped and determined by subtle but large 
scale energy exchanges and flows, hence the central interest of Bioclimatic Design is 
building energetics.
Along this thesis energy is understood as a resource that people need, dissipate, 
consume and use inside buildings. The art and science of controlling the flow of energy 
through the materials that constitute the building fabric is the essence of Bioclimatic 
Design. Energy refers to the power to do work within all the sectors of the environment. 
Chapter 1 will provide a more detailed discussion of energy.
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The degree of use of energy in architecture can be determined, amongst other things, by 
the climatic characteristics of a given place, by how people want to feel inside their 
buildings, and by how skilfully the building is designed. Obviously energy is also used 
to power appliances and other necessities of life, but Bioclimatic Design focuses on the 
use of energy for life supporting systems (health, comfort and well-being).
The built environment is a special combination of place and its people, it is broadly 
defined here to include the totality of natural, social, and artificial components aggregated 
in populous places. It is essentially formed by people and their artefacts; it comprises the 
external cultural attributes of a given community.
Miscellaneous
The historical development of Bioclimatic Design is full of events that took place so long 
ago that it is impossible to be sure exactly what happened. It is possible that discoveries 
were made independently in different places at different times. A Bioclimatic Design 
principle or solution may have changed by slow, imperceptible steps (eg. daylight and 
ventilation techniques), or there may have been sudden jumps (air conditioning). 
Developments in this discipline may have followed an inventive idea that looked at some 
design solution in a new way, or it may have involved following up an old idea and using 
it in a new way.
The following chapters will assume that there is no preordained evolutionary procedure 
generally. Rather, they will treat the historical development of Bioclimatic Design as 
sequences of increments of change, as a continuously human adaptative process moving 
through time. Innovations and evolution in the relationship between people, buildings and 
the surrounding environment were not fortuitous routines, they were stages of transition 
brought forward by the factors propelling the change (such as the need for healthy, 
comfortable buildings).
As it will become clear, these (mostly anonymous) processes have led to an established 
constellation of architectural features and techniques; sometimes a physical component, 
sometimes a design tool. They cannot be regarded simply as progressively upgrading 
Bioclimatic Design as we know it today.
The insights engendered by the framework to be proposed in chapter 1 seem to 
demonstrate this condition. The framework implies a focus on classified, regular 
processes of evolution in the history of civilisation. Hence the need to identify certain 
basic factors, primary variables related to the production of architecture and the way they 
functionally interact and evolved through time.
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The sections within each chapter have been arranged to provide an ordered argument or 
exploration of the general topic with which the chapter as a whole deals. Some claims are 
supported by the body of the thesis and the appreciation of each section can only be 
effective if considered in the context of the whole thesis, in view of the fact that a single 
idea, section or chapter can hardly be representative of the depth of the research and 
investigation developed around the theme.
The use of ‘he’, 'man' and ‘his’ along the text should not be taken to denote gender. 
They were chosen as the most convenient of the third person singular pronouns.
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Chapter 1 - The Framework 
Section 1. 1 - Search for a framework
1. 1. 1 - Some methodological assumptions
In this chapter an attempt will be made to formulate, through an inductive method, a 
useful framework that might help to explicate the inert and solid products of architecture. 
The history of architecture has been one of constant challenge to man's intelligence, 
creativity and capacity. Fascinating as it presents itself, architecture is, however, a 
difficult subject to handle on account of the wide variety that exists between cities, 
regions, countries or even within walking distances. Variations exist not only between 
buildings themselves of the same period, but also in the same city at different periods.
The written records of the history of architecture were created with a clear emphasis on 
style, forms, aesthetics, and socio-political influences. It is assumed here that there are 
important periods, influences, forces and events in the history of architecture which 
might be outside the more traditional range of study. With the realisation that some 
Bioclimatic Design ideas and innovations were never properly documented, certain 
developments in this field may have appeared to be second-rate and accidental to 
architecture. This has been a central argument in Banham's book The Architecture o f the 
Well-tempered Environment, published in 1969.
He maintains that if the history of architecture is properly documented, it is mostly a 
history of building-forms, styles and the ideas of architects. If one assumes that the basic 
structure and configuration of architecture has advanced in relation to environmental 
considerations, and that environmental factors are one of the bases of architecture; or that 
the history of environmental control and management is a history of inventions, ideas and 
conceptual models which were necessary to support human development, then such a 
history is documented only in rudimentary, and very inadequate manner.
In face of constraints imposed by limited sources, a broad range of references has been 
used here; particularly in the fields of archaeology, history of technology, history of 
civilisation, ecology, environmental science, climatology and theory of architecture.. 
With sources as profuse as these, the only approach that could retain an insight of the 
central problem is one that is 'contextual' rather than 'textual' in emphasis.
Transplanted and transformed as Bioclimatic Design ideas were in time and space, it is 
possible that the successive layers of historical cycles have buried and concealed most of 
them. In face of the inadequacy of primary source materials related to important
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information on the description of innovations, ideas, methods and conditions of some 
fundamental environmental control techniques throughout time, a decision was taken to 
study the history of architecture, extract from it the relevant events and ideas which now, 
with hind-sight are seen as contributing to the development of Bioclimatic Design, and 
then analyse the overall implications to the design of buildings.
Studying the development of Bioclimatic Design ideas means carrying out historical 
assortment, judging contradictory assertions and reflecting critically. It means 
accumulating evidence, examining buildings, reading books and understanding what 
others have thought and written about buildings, technology and the environment. This 
work proceeds by introducing, reflecting and refining, sometimes settling as necessary, a 
series of structured summaries or syntheses. The conclusions that such a broad 
knowledge basis permit often seem to support an accumulation of inferences different 
from that erected on the basis of a pure architectural inquiry.
It is extremely difficult to trace the evolution of something which for a long time was kept 
so indeterminate and which is still unformed. It would be wrong to claim that there was a 
single country or region of the world where the contemporary notion of Bioclimatic 
Design first entered the architect’s consciousness. In its history, no identifiable moment 
of discovery can be found, but long and intricate processes. No individual architect or 
designer can be credited with the anticipation of this subject-matter, but some widely 
separated professionals and institutions.
The history of Bioclimatic Design is one of development rather than invention (thus the 
title of this thesis). Continuous excellence of design, constructional and technical 
improvements were made over the centuries and contributed to it. Obviously, all 
Bioclimatic Design achievements are based on someone's ideas, but there is no possible 
way to trace back those ideas to individuals.
It follows that no claim for the comprehensiveness of the historical data can be really 
made within the compass of this work. Some events and the works of some architects, as 
they bear upon the development of this branch of knowledge, have been dealt with in 
some detail, while whole areas of architectural theory, history and technology have been 
ignored because it was felt that they did not critically relate to the central topic.
One problem of tracing the evolutionary importance of Bioclimatic Design is apparent by 
the changing context in which 'bioclimatic' reasoning has occurred. Architecture and 
many other disciplines, especially engineering and physics have essentially emerged as 
both practice and instruction only during the past two centuries or so. The empirical base
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upon which their scientific interpretations and theories have been formulated has been 
subject to various and radical changes.
Because of the actual implications, the vastness of the field and the wide range of subject- 
matter involved, this study had to be very selective. The choice of the major events (each 
of which forms the theme of a section of a chapter) is necessarily related to the 
progressive elaboration of the discipline of Bioclimatic Design. It is important to 
emphasise that the range of subjects involved in this research did not compromise the 
focus and the scope of the main inquiry. One component factor of the subject matter was 
determined (energy) and subsequently analysed in distinct, pertinent historical 
circumstances. As a method, it is not very dissimilar to that applied by a scientist 
examining the physical changes of a substance or the reactions of an animal when 
subjected to different environments.
The procedure to be adopted is to make each section a separate study. Each theme is 
traced through. This will mean constantly going back in history, so that quite often, 
things will come out in reverse order. It does not mean that the order in which one reads 
the sections and the chapters does not matter much. Efforts have been made to putting 
them in the least confusing sequence, that is, the most logical in terms of the evolution of 
Bioclimatic Design as a discipline.
Although many historical events follow a neat chronological sequence, the bioclimatic 
ideas and concepts derive from various sources, several branches of knowledge, fuse, lie 
dormant or are awakened in complex ways, which in reality do not readily conform to 
any linear description. In the absence of basic, primary sources of documentation, ideas 
and arguments are supported, to a large extent, on inference and deduction, on logic and 
common sense.
A pragmatic framework was found absolutely indispensable because otherwise it would 
be too difficult to distinguish all the events, the building elements, the principles and the 
human needs primarily connected with or belonging to this specialised field, or 
discipline: 'Bioclimatic Design' which in fact represents the convergence of many, 
including non-architectural disciplines (see section 3.1).
Interest is being put on a conceptual, not mechanistic framework, that can provide 
predictive value to the study and practice of architecture. A point of convergence is being 
procured, through the selection of appropriate input variables, in order to permit a more 
objective examination of buildings without having to depend exclusively on the personal, 
verbal accounts of their designers. As a conceptual model, it points toward the
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identification of the variables involved in the production of architecture and their 
interaction and interdependence.
In order to develop a sharp examination of the range and complexity of the dynamic 
interactions between man, buildings and the environment (the energy flow of this 
relationship comprises the subject-matter of Bioclimatic Design), a search is carried out 
for a framework which is concerned with the elucidation and analysis of unifying 
patterns, certain regularities, basically emphasising that, in architecture they are affected 
more by the social, environmental and economic conjuncture than by personal 
preferences.
It must be a framework of functionally interconnected factors constituting the vital core of 
a distinctive set of physical and socio-economic conditions. It is hoped that by placing the 
primary factors and processes involved in architecture in an explicit integrated form, it 
will enhance the understanding of the nature of the interactions between man, buildings 
and the environment.
Generations of architectural theory and scientific work have increasingly emphasised the 
atomisation and independence of fields of knowledge, with the result that a reductionist 
viewpoint became very influential. This made knowledge both more precise and highly 
specialised. More recently, there has been an emergence of new paradigms that attempt 
to provide a basis for insights of the unity, continuity and interdependence of the entire 
object of design (Norberg-Schulz, 1980; Bohm, 1980; Altman and Chemers, 1984; 
Mollison, 1988; Rodger, 1989; Crowther, 1992).
Rather than an attempt to particularise the historical records of Bioclimatic Design theory, 
the approach is headed to scan the field of subjects which have relevance to this topic. 
The work has involved library sleuthing, evaluation of conflicting theories, a weighing of 
alternative possibilities, and a continuous regimen of speculative reasoning and skeptical 
examination.
The idea for the framework started with the presumption that there must be some early 
basic determinants in architectural design and that these prime factors are not necessarily 
strong and evident physical peculiarities of the visual and formal manifestations of 
architecture. The hypothesis is that they do exist and influence design before it actually 
starts. They represent essential influences or prerequisites to the nature of the building to 
be designed, and to some extent cause buildings to look the way they do. *
*eg. general systems theory, integrated philosophical approach, holistic thinking, synergy, Gaian 
philosophy, permaculture, etc.
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An analogy can be made with the biological sciences; for a long time speculations 
proceeded on how the great complexities of organisation and aspect in living organisms 
operate. Only in the last three or four decades science discovered the reality of how the 
genes, through the double helix of their DNA, can transfer to every cell precise 
instructions for their organic life and physical appearance.
By providing a more resolute and objective view of the key factors involved in the 
process of making architecture, the proposed framework attempts to apply Bohm's 
'Implicate Order' rationale* in order to understand the role of energy (one of the key 
factors) in architecture. It was exactly through the establishment of a tangible and 
consistent base for the existence of architecture that the necessary means to allow the 
analysis of the development of the idea of Bioclimatic Design has primarily come about.
Throughout the present work every effort will be made to avoid the biased view of 
traditional architectural theory which considers designers the unconditional definers of 
spatial structures. This standpoint may uncover the long and prominent inclination of the 
architectural profession towards the poetic-visual version of the built environment, and 
suggests that there is something more tangible to it than only visual appreciation.
1. 1. 2 - Qualitative research method
According to Strauss and Corbin (1990, p.19) qualitative methods are used to uncover 
and understand what lies behind any phenomenon about which little is yet known. It can 
also be used to gain novel and fresh slants on things about which quite a bit is already 
known. Qualitative methods can give the intricate details of phenomena that are difficult 
to convey with quantitative methods.
Several writers and researchers have investigated the social dimension of architecture. In 
line with the notion of the inseparability of architecture from people and their social and 
historical reality, the Swedish-Brazilian architect Frank Svensson (1986, p.50) considers 
that the human presence and human activities are an inalienable part of the space in which 
they take place. Consequently, architecture undergoes constant metamorphosis as 
activities and/or social circumstances change.
Cunningham (1994) makes this point clearly enough, when he suggests, by analogy, that 
the hardware of cities are manifestations of human behaviour:
Bohm (1980) through his unconventional interpretation of quantum mechanics, developed a theory of 
'Explicate Order', representing a manifest physical phenomenon, and 'Implicate Order', representing the 
hidden, not so obvious, substratum or reality behind a given phenomenon.
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The cicada, emerging from seven years underground for its brief life in the world of sunshine, discards 
its old carapace. That shell, without the animal, is a mere curiosity from which we can divine 
something of its past life. Seen in the absence of human behaviour, goals, aspirations and values, the 
physical fabric of the city is of no more significance than that discarded carapace.
Any abstraction, fragmentation, exclusion or subdivision of a totality may seem an 
artificial and arbitrary process. According to Angyal (in Broadbent 1973, p.365), the 
whole must be subdivided if it is to be analysed, and there are various ways in which the 
subdivisions can be effected. Here, efforts will be made to take only those inherent 
constituents of architecture into account, therefore the selected factors, considered by the 
proposed framework, intend to retain the unity of the phenomenon of architecture and 
distinguish the values which lie behind them.
The question of unity is a controversial one. The very term architecture 1 has been given 
several different meanings. It stands for the discipline that treats the design and 
construction of buildings, but among many other meanings it can also denote the style 
and manner in which buildings are designed and constructed.
Defined by some dictionaries as the art and science of building (sometimes as the art or 
science of building), architecture has evolved slowly, gradually, through many 
generations, in accordance with changes in society. These changes have taken many 
forms, they were sometimes deliberate, sometimes unplanned; they were sometimes 
great, sometimes small. Among a vast possibility of approaches for the present study, the 
question arises whether it would be feasible to construct first a rational framework - 
because if it is possible to thoroughly determine the itinerary and routes suitable to the 
present study of the development of Bioclimatic Design - then there will be more certainty 
to follow the required procedures.
The notion is developed that after some close scrutiny, within the architectural expression 
of a region, city or district, one can often notice a remarkable degree of conformity, not 
particularly repetition, but parallelism and the recurrence of many typical solutions. There 
is a definite uniformity within an intrinsic diversity, consisting of small variations around 
a basic pattern or motif. It is assumed here that this is not just a question of common 
preferences but that there are some general principles or forces regulating them.
Oddie (1966) observes that most admired townscapes are distinguished more by 
homogeneity than by diversity. The fact is evident that particular architectural forms and 
solutions have been repeated in particular places and times. Buildings of the same region
1 (* Webster’s II New Riverside University Dictionary, 1984, gives the following definition of 
‘architecture’: 1. The art and science of designing and erecting buildings. 2. Architectural structures as a 
whole. 3. A style and method of design and construction - Roman architecture- 4. Design or system 
perceived by humans - the architecture of the solar system) Boston: Riverside: 123.
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and period may differ in size and other features, but they may have common facades, 
similar roofs, materials, structural designs, and comparable interiors.
The analogy could well be further suggested with living creatures belonging to the same 
species; human beings, for example, are totally different from each other in many 
aspects. However, they exhibit some remarkable regional and national peculiarities (racial 
attributes), and they also have common basic characteristics.
By analysing architecture as an open input-output system, a rational basis can be laid for 
the effective determination of the more relevant factors which need to be accounted for 
and those which cannot render particularly objective inferences. Given this prospect, 
such factors can be organised, taken individually, studied separately or/and in connection 
with each other.
Generally, architects design buildings on the basis of particular issues. Their value- 
systems, concerns and priorities can vary with time, with place, with each client and 
design situation, as they set about to resolve specific design problems or achieve desired 
architectural goals. Individual buildings can be seen as embodying the designers' and the 
community's level of inform ation (knowledge, expertise, values, regulations, 
prejudices), the materials and the energies made available by the environment and the 
economy, at the particular time when they are created.
A number of accounts of architectural developments which have been formulated (eg. 
Fitch 1961; Benevolo 1980; Fitchen 1988) put a great emphasis upon the material 
conditions of a society (matter). Others (such as Collins 1967) regard ideas (information) 
as being all-important - buildings and styles as the plain manifestation of ideas. A third 
group take energy as central to the purpose and use of buildings (Aronin 1953; Banham 
1969; Givoni 1969). This study considers that they are all cogent, however, it considers 
energy in patterns of interaction between the other two.
The variety of issues involved in any design resolution may range from a selected few to 
a very large number. A relevant study calls for the selection of the appropriate issues and 
traits, and this depends upon one's capacity to distinguish what is constant and what is 
variable. The delicate balance of these issues can be managed in practice by the mature 
professional, although not always clearly and explicitly manifested.
Given these realities, and the interdisciplinary nature of Bioclimatic Design, it becomes 
critically important that a common frame of reference prevails, with some primary 
assumptions of theoretical and consensual meaningfulness. In short, what matters are the
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underlying similarities in the conditions precipitating the production of architecture at a 
given place and at a given time.
Traditional academic research has been based on an analytical scheme that often includes 
problem formulation, hypothesis, assemblage of data, processing of data, findings and 
discussion. One alternative to this traditional approach of seeking generalizable data 
through quantification and analysis is to try to ‘interpret’ a situation under study. 
Hermeneutics 2 is the approach used when one tries to grasp the essence of the situation 
and to become familiar with the concepts and language that are specific to it (Bleicher 
1980; Gadamer 1979; and Gumbrecht 1992). This has been found to be the most 
appropriate approach to be adopted in the substantiation of this particular framework.
This process has been characterised by the American design theorist Donald Schon as 
'reflection-on-action'. The terms ‘reflection-in-action’ and ‘reflection-on-action’ have 
been central to Schon’s (1983) thinking. Aware of the need of both theoretical and 
empirical frames of reference, this research perspective ensures that the search for 
knowledge, on the basis of an a priori understanding of the problem, is both more 
systematic and more conscious.
Glaser and Strauss (1968) consider generating theory from praxis as a valid method of 
scientific inquiry. They point out that verification is a process that can lead research work 
to modify - or at worst, reject - current theory on the basis of additional data. A 
professional who has a reflective attitude to his work, his knowledge and to the situation 
at hand can generate embryos of theory through the contemplation of what he or she is 
doing and why it happens.
The concepts of 'qualitative research' have also been beneficial to this work. Strauss and 
Corbin (1990, ppl7-18) consider that 'qualitative research' means any kind of research 
that produces findings not arrived at by means of statistical procedures or other means of 
quantification. The process is a non mathematical analytic procedure that results in 
findings derived from data gathered by a variety of means. These include observations 
and interviews, but might also include documents, books, videotapes, and even data that 
have been quantified for other purposes.
They write that the requisite skills for doing qualitative research are these: to step back 
and critically analyse situations, to recognise and avoid bias, to obtain valid and reliable 
data, and to think abstractly. To do these, a qualitative researcher requires theoretical and 
social sensitivity, the ability to maintain analytical distance while at the same time
fs
Hermeneutics - can be defined as the study of methodological principles of interpretation.
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drawing upon past experience and theoretical knowledge to interpret what is seen, astute 
powers of observation, and good interaction skills.
They make clear that some areas of study naturally lend themselves more to qualitative 
types of research, generally, those that attempt to examine and understand the 
fundamentals behind any phenomenon about which comprehension is yet insufficient; for 
instance, the social and behavioural sciences, or in fact, any field concerned with issues 
related to human behaviour and functioning.
1. 1. 3 - Aims and scope
It is the customary intent of research to concentrate upon problems, obstacles or 
difficulties which somehow have not yet been solved. While many models and 
frameworks exist in Bioclimatic Design research which relate to specific design 
justifications, particular environmental problems or energy issues, there is a recognised 
need for an integrating framework which can tie together these various models. The 
climatic justification, for instance, has been related to the 'energy' factor. As Oliver 
(1973, p.237) indicates, the main characteristic of any climate relates to the flux of 
energy that arrives at a surface and the manner of its subsequent distribution.
In an attempt to explain a wide and complex range of architectural and environmental 
issues, architects and students are currently experiencing in Bioclimatic Design a marked 
increase in the use of multi-disciplinary information coming from many disciplines: 
physiology, physics, meteorology, thermodynamics, cybernetics as well as from the 
different environmental control techniques (ventilation, air conditioning, lighting, 
acoustics, passive solar design, etc.).
This thesis aims to study the development of Bioclimatic Design and its formulation as a 
discipline. Although it is interdisciplinary in nature and scope, it does have a strong 
central focus. The issue of energy has provided not only such a focus, but the essential 
argument around which a significant work can be developed.
Research on Bioclimatic Design, like research on other areas, has tended to fragment into 
tight specialisations and limited areas of scientific expertise. A particular serious 
shortcoming found in the study of Bioclimatic Design is the absence of an adequate 
conceptual and historical background from which to consider all the data collected and all 
the research findings. One major feature of research in this discipline is that it is problem- 
oriented, it is often conducted in laboratories, climate chambers, computer simulation or 
in the field. Very often the results do not lend themselves to easy interpretation, 
generalisation or immediate application by architectural students and practitioners.
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Location, climate, topography, geology, population dimensions, culture and traditions 
influence the built environment and have been often used, separately or combined, to 
guide both the study and the explanation of architecture (Zevi 1957; Rapoport 1969; 
Givoni 1969; Saini 1973; Steadman 1975; Norberg-Schulz 1980). Among a myriad of 
other factors, the built environment has often been discussed by authors in relation to 
specific aspects. This brings about the critical question whether all relevant factors, 
among so many, are actually being considered.
A number of important topics and events in the development of the theory of Bioclimatic 
Design are not consistently considered in this thesis (ie. acoustics). Without presuming to 
cover and resolve all deep-rooted problems of the discipline, here an attempt will be made 
to elucidate general principles underlying the relationship between people, buildings and 
the environment. And it can be used at least to strive towards clarity.
Being a new discipline, there is very little agreement on what is central to Bioclimatic 
Design, on the application of some of its most elementary research findings; and even on 
employing certain tools and terms in the discourse of its body of knowledge (including 
its title). What appears to be necessary now is to find the irreducible constituents and to 
ascertain an impartial, objective, more representative, readily understandable frame of 
reference that embraces all principles of architecture related to Bioclimatic Design.
One has to admit that there is still a considerable gap between researchers in Bioclimatic 
Design and practitioners in architecture. Researchers themselves have generally worked 
in relative isolation from practice and often do not interact with each other. It is normally 
suggested that a solution could be the universally adopted ‘integrated approach’ (T. Fry 
1989 and Bulick 1982). However, the concept of an integrated approach to Bioclimatic 
Design research is still relatively new, and the development of the tools, practices and 
understanding required lag behind the intentions and determination.
Building materials, components, architectural developments, techniques and construction 
methods are never developed independently or in isolation. They are not entirely the 
outcome of a simple creative gesture or drawing, neither the realisation of a particular 
dream. In fact, they are not created and applied until a whole set of possibilities, in totally 
different fields of activities, are recognised, developed, tested, and refined.
Certain methods of construction as well as certain building components are absolutely 
unthinkable without special research and development made far away from the architect's 
drawing board, in completely distant domains, such as in special mechanical tools and 
machines; in chemical and industrial processes; in new materials like special types of 
steel, aluminium, plastics, adhesives and artificial fibres.
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The evolution of techniques of construction, and the implementation of some schemes of 
building design have varied from place to place and time to time, depending on some 
influences (such as available materials, the labour force, the stage of technical 
development, the state of the economy, etc.). It is interesting to observe that the 
development of these techniques has not been linear nor irreversible.
This research study is not concerned with specific buildings, exceptional or unique 
designs, it rather deals with more permanent, general features of architecture. It 
contemplate the facts from the standpoint of postindustrial Western civilisation. Its 
conception was not intended to offer tailor-made interpretation of individual designs or to 
prescribe distinct solutions to certain problems. The intention is rather to move away 
from the close examination of specific questions to a viewpoint from which the broader, 
general issues can surface and be better examined.
For a long time, architectural texts gave much more attention and emphasis to the 
diversity, small variations and uniqueness of buildings than to their common features and 
similarities. 'Uniqueness', 'diversity' and 'novelty’ have been key notions used in 
architectural texts to precede discussions about space, technology, buildings, as well as 
cultural, and environmental factors.
One cannot be sure that a consistent trend has begun to advance in the opposite direction, 
but it seems essential to reaffirm that at least part of the explanation of architecture lies in 
the forces and vitality with which the built environment provides a significant example of 
broad and recurrent regularities in many aspects. For the purpose of this research 
‘similarities’ in the built environment are more relevant than the differences.
In order to allow a broader view of Bioclimatic Design, it is sensible to theorise about 
one of man’s most basic needs - shelter - accommodation for his multiple enterprises. It 
stretches back from modem times into unrecorded history (see chapter 2) and it regards 
most of what has been built; huts, tents, houses, skyscrapers, palaces and monumental 
buildings. The aim of this approach is to distinguish dominant characteristics.
The reason for this approach has been that it seemed crucial both to examine the 
fundamental topic of architecture in the broader circumstances and develop a framework 
which is sensitive to the complexity of design responses. The proposed framework has 
been envisaged through an inference method. It was set up to allow a better 
understanding of why and how Bioclimatic Design has developed.
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1. 1. 4 - The determination of a framework
By trying to identify the foremost and fundamental factors that affect the relationship 
between man, architecture and the environment, this thesis proposes an examination of 
how the selected factors (namely matter, energy and information) might be employed to 
enhance the focus over the complexity of the subject-matter and at the same time allow a 
systematic study of the development of Bioclimatic Design.
In order to analyse architecture objectively, it is useful to identify its component factors at 
a basic and fundamental level. For architecture to exist it is necessary to employ at least 
three main interrelated constituents: Matter - the physical substance from which 
buildings are made; Energy - the potential to do work; the capacity to extract and 
transform matter; to produce and transport materials and components for building, and to 
put these together in the final product (energy is also essential during the operation of the 
building); and, Information - the knowledge, competence, values and skills of how to 
make use of the given matter and energy, and how to put them together to form the final 
product.
References will be consistently made to this 'core' group of related factors. The 
recognition of 'core' factors, as distinct from 'secondary' or 'derivative' factors involved 
in the production of architecture, can provide the basis for an analytical work stressing 
the most essential, invariant determinants. This will permit this study to seek and 
understand the regularities common to the architecture of a given community.
This thesis ponders on the extent to which an architect’s creative endowment and activity 
is free, arbitrary and exempt from limitations, typical of the actual circumstances 
determined by the volume and density of the interconnected flow and availability of 
matter, energy and information that exists at a certain place, when this architect is 
designing and building edifices. This is a fundamental topic, and as far as it can be 
ascertained, it has not been previously elaborated or even proposed.
In its most basic form, a simple model of an architectural process will necessarily involve 
all the three fundamental constituents: matter (materials being put into the building 
process), energy (work, labour and transformations carried out on matter), and 
information (operations, skills, beliefs, media, education, technology, science). 
Architecture as a product is ultimately based on resources and the essential production 
process can be understood as: Matter > Labour > Skills > Building. One can thus break 
down the architectural final product - buildings - into the inputs involved in its fabrication 
and one can therefore trace them ultimately to a combination of matter, energy and 
information.
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Buildings represent concrete and enduring expressions (both quantitatively and 
qualitatively) of the extent to which the selected factors (matter, energy and information) 
have been incorporated in their fabric. Obviously it has been much easier for architectural 
historians and critics to visualise the amount and the nature of matter used, than the 
energy and information embodied in the fabric of buildings.
For most of the time in the history of architecture, progress has been made almost 
exclusively on understanding and applying matter. The materials required and used to 
construct buildings were readily found, easily observable, transformed and applied. For 
a long time significant improvements occurred in matter and information; such as the 
production of better metal tools and artefacts. Buildings and their components were 
skilfully crafted and painted, the materials were carved to the point of transforming them 
into fine, realistic sculptures. This produced very expressive during the Italian 
Renaissance and the French Gothic.
The same cannot be said about the energy that was required to produce and operate 
buildings. Virtually ignored because of its indirect effects, it was only about two decades 
ago, after the energy crisis of the 1970s, that the operating energy costs of buildings 
became apparent and generally understood. Much more recent is the concern with the 
energy embodied in the materials which buildings are composed of. Practical methods for 
valuing the significance of the energy embodied in a building are still being developed.
The intention here is to approach the practice of architecture from a different perspective, 
seeking to outline the ways in which the availability or scarcity of the combined flow of 
matter, energy and information influences regularities in architecture in their widest 
sense. For a clearer definition of what is meant, each of these factors will be dealt with 
separately later.
For a different flux and a different density of each or the combined basic factors (energy, 
matter and information), one may find a different expression or variation in the condition 
that reveals a particular stage of development of the built environment; a certain social 
organisation and a specific man and environment relationship. It does not seem to be 
effective to try to scrutinise each factor separately, what is significant here is their 
interactions and interdependency as a decisive influence on the production of architecture.
The First Law of thermodynamics states that matter and energy cannot be created or 
destroyed. Fundamentally, people can change the form of something (for instance, 
wood, stone, clay) into building components, and then assemble them in buildings. In 
doing so, they have not created buildings, they have merely changed materials into a 
useful product at the expense of considerable energy in the process. Physically,
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architecture involves not the production of matter, but the production of utility and value, 
by appropriating and skilfully modifying matter already in existence.
Because of the general interdependence among all factors within the flow, the level of 
variations in the architecture of a given place will respond, to a certain extent, to changes 
introduced in any single factor. A good example is the architectural repercussions of the 
energy crisis in the early 1970s (this will be discussed in more detail in section 4.2).
Throughout the world, people do not have or experience the same qualities nor the same 
quantities of matter, energy and information. Obviously, the character and the magnitude 
of these factors in one place can be quite different from that in another place. 
Furthermore, within any particular place or community one can identify a range of typical 
materials, energy forms and knowledge common to all, as well as some special, more 
refined, more elaborate uses of these factors which are available only to some, 
discriminated by the political structure and social classes.
The quality and vigour of the architecture of a society are strongly influenced by the rates 
at which matter, energy and information are produced, imported, distributed, stored and 
utilised. The evolution, success, quality and even the appearance of the architecture of a 
place are strongly regulated by the rates at which these factors flow through that society.
A building draws on and utilises large quantities of human and environmental resources 
from the area around it, or imported from far away places. The bare matter assists in 
providing physical existence for architecture; it constitutes the material membrane that 
separates the inside from outside, it interrupts the continuity of the flow of energy 
between inside and outside, and it provides structural support (resistance against 
gravitational forces) and the required protection from the elements.
Energy is the prime activator of the built environment. It is required to transform, move, 
change or assemble matter into buildings. As a resource, energy is embodied in the 
architectural product. Energy is produced, transformed and distributed locally for a vast 
range of primary extractive processes, manufacture, transportation, and assemblage of all 
building components; for the operation of buildings, and ultimately for human comfort, 
well-being and convenience.
Energy is an irreplaceable and indispensable input of all architecture. It is basically used 
to meet people's physiological requirements and comfort preferences. The human body is 
able to sense light, sound, humidity, temperature, pressure, smell and it can integrate the 
varying effects of heat, radiation, moisture, and air movement. The homeostatic 
behaviour makes its own arrangements, within certain limits, to counteract for minor
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adjustments to the environment, but it is for architecture to perform the fundamental duty 
of compensating for the intemperate conditions afar from the optimum.
The quality and amount of energy that people use show their ability to control a given 
climate. The intensity of the flow of energy reflects the level of physical activity of a 
society. Being an essential component of life and of the natural and built environments, 
energy is vital for the general development of a society and the quality of life.
Inputs of matter, energy and information are necessary throughout the whole building 
process, at all levels; to move on to the right decision; to select the alternatives, to choose 
the most appropriate materials, to give form and function to them; and to control the 
alteration of the natural and built environment.
Banham conceives (in Broadbent 1973, p.434) that man initially had two basic ways of 
controlling the environment; with one of these (use of matter) man 'avoided the issue', 
sheltering under a rock, a tree or some structure he had made for himself (architecture as 
the material separation between the indoor and outdoor environments). The second - fire 
(control of energy) represents quite a different approach to environmental control, one 
which interferes with the 'local meteorology'. According to Banham, the latter offered 
more promising lines of development.
1. 1. 5 - A useful framework
Having ascertained the basic components of architecture, it seems possible to examine 
some important aspects of its dynamic attributes. For example, the relations between 
man, buildings and the environment may be best clarified by detecting the flows of 
matter, energy and information that occur within the built environment. As discussed 
before, buildings can be regarded as the result of the interaction of:
- Matter - materials (organic and inorganic)
- Energy - physiological needs (food, metabolism, comfort), physical 
transformation (work, power), gravity, mechanical energy, electromagnetic 
radiation (within the visual and thermal bands - heat and light), sound, electricity, 
atomic and nuclear energy.
- Information - Human aspirations, social organisation, science, technology, 
media, education and training, world view, way of life, attitudes to nature, 
personality, fashions, taste, culture, beliefs, regulations, etc.
Architecture can then be defined as the art and science of directing these natural and 
human resources for the accommodation, use and convenience of people and their
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activities. Availability and the simultaneous properties of these human and environmental 
resources can affect quite specifically the design, construction and use of buildings.
Various authors have studied native and vernacular buildings and analysed separately the 
way they reflect the energy, materials and culture common to a given region (Aronin 
1953; Mumford 1967; Rapoport 1969; Fletcher 1975; Konya 1980; Fathy 1986). The 
built environment together with the people that inhabit it can be understood as an open, 
not a closed, self-contained structure; it does not operate independently and in isolation. 
If one applies the principles of ecology (eg. Odum 1976) to human settlements one can 
assert that their existence depends largely on a continuous exchange of matter, energy 
and information with a much larger environment.
An intelligible representation of this framework can be a triple helix coil, in which, each 
relevant helix represents the main characteristics (amount, quality and density) of each 
constituent (matter, energy and information) available at a given place. Basically, this 
triple helix corresponds, like the DNA in living creatures, to the conditional features of 
the social and natural environment most closely influencing people and the design and 
use of building.
Human spatial interference in the environment produces a vast sequence of bonds 
between these three constituents. Humans are the primary operators who initiate the chain 
of environmental modifications to both create and operate buildings. The utilisation of 
matter and energy in architecture is interrelated and interdependent, a change in one will 
often lead to changes in the other, these factors have important reciprocal effects.
Mumford (1967) accentuates that each stage in human civilisation employs certain special 
resources and raw materials. What he calls 'eotechnic' phase is a water-and-wood 
system; the 'paleotechnic' is a coal-and-iron culture; and the 'neotechnic' is an electric- 
and-alloy civilisation.
The study of matter and energy, according to Soddy (1912, pp. 9-10), represents one 
aspect only of human knowledge, which is generally known as 'physical science'. It is 
distinguished as being the most fundamental of the experimental sciences, because its 
laws are obeyed universally. He advances the idea that the laws expressing the relations 
between energy and matter are not solely of importance in pure science.
They necessarily come first in order, in the whole record of human experience, and they control, in the 
last resort, the rise or fall of political systems, the freedom or bondage of nations, the movements of 
commerce and industry, the origin of wealth and poverty, and the general physical welfare of the race. 
If this has been too imperfectly recognised in the past, there is no excuse, now that these physical 
laws have become incorporated into everyday habits of thought, for neglecting to consider them first 
in questions relating to the future.
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In conventional architectural texts there is no recognition that an active built environment 
is indeed a kind of organism. It will be suggested (in section 2.3) that a city or a building 
in use, like a living creature concentrates, stores, uses, transforms, and diffuses matter, 
energy and information. The flow of matter, energy and information has been little 
studied in relation to architecture and is poorly understood by designers.
The idea here is to establish and explore the relationship between the use, control and 
availability of energy (an issue which is inextricably related to matter and information), in 
regard to the evolution, present influence and potential future of Bioclimatic Design. This 
discipline's aim has been to systematise and develop an 'energetic' study of architecture; 
a method of understanding the relationship between humans and spatial structures as 
energy-using processes depending on the continued availability of resources.
Definitely, an interconnection must be established between the three components (matter, 
energy and information), and this is indeed indispensable. It does not seem to be 
effective to consider each factor separately; this framework can only be useful if these 
factors are integrated with each other with reference to the superstructure - the built 
environment - within and by which they are interrelated.
Consequences of the human appropriation of the interconnected flow of matter, energy 
and information, together with the kind of spatial action done to the environment, are 
reflected in the form and structure of towns, in the size, quality, level of sophistication of 
buildings and many other architectural features. Clark (1975, p.25) points out that the 
concept of entropy has only recently been applied to broad areas like economic and 
environmental problems, and that much is left to be learned about the flow of energy both 
in nature and in the human technological interactions with nature.
This framework indicates that a supporting web of interrelated activities, conditions and 
events concerning the use of energy, matter and information occurs at any given 
inhabited place or region. This is how, eventually, the scope for particular investigations 
can be narrowed to a given circumstance. Individual or regional studies can be carried out 
using this framework; obviously one should explore it in the context of a specific place 
and its pattern in relation to the prevailing flow of matter, energy and information.
Objectively, this framework can summarise and integrate a much wider range of sub­
factors (different fractions or segments of each component) related to the phenomenon 
under study, which can therewith be firmly constructed to match a particular scrutiny. 
One major benefit of this framework is that it enables this particular study to both 
distinguish and link various levels of conditions and events related to architectural
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developments, and at the same time to apprehend more specifically the ones affecting the 
development of Bioclimatic Design.
Although never comprehensively studied before, in architecture the interconnections 
between the three factors are evident. The development of design methods, for example, 
is frequently guided by the development of information regarding new products, new 
tools, new technologies, etc.. It is a process which involves and requires talent, ideas, 
knowledge and methods to make it effective. As it was said before, the evolution of 
architecture has normally proceeded at a relatively slow and steady pace, according to 
broad evolution in other, not so closely associated areas.
This study considers how people (in interacting with different flows, experiencing 
different accesses to different quantities and qualities of matter, energy and information) 
compete to provide themselves with comfortable and delightful buildings and 
environments. In doing so they produce very distinct buildings which then become 
materialisation of their lifestyle, economy, culture, values, technology, etc..
The idea, in the near future, is to extend this study, do more research and determine each 
and the various bonds between the components (considering the interactions between 
different groups and sub-groups of factors) and make these connections very explicit and 
tie the method of analysis together so as to form an explanatory background matrix to the 
study of the built environment.
1. 1. 6 - Limitations and possibilities
There is some risk in oversimplifying descriptions of input-output systems; for the case 
under study, they are recognised as extremely complex. Tracing the movement (flow) of 
matter, energy and information in any society is a difficult task. If one takes energy, for 
example, one will find that the control and use of energy pervade every aspect of life, in 
the natural, the urban and economic environments.
Human societies are very dynamic structures. In modern history new trends have 
emerged through political and economic systems of mass-production and mass-media 
which seemed to point to a large-scale supply and redistribution of matter, energy and 
information. Consequent and far-reaching rearrangements of the internal structure of the 
built environment have been observed (Mumford 1961; Gutkind 1964; McLuhan 1989).
Major changes happened to all scales of human spatial structures. The unprecedented rate 
of information applied to highly engineered devices, for instance, able to efficiently 
convert energy to work (such as the internal combustion engines used in modem means
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of transportation), as well as the conveniences of modem communication technology 
have made the world literally ‘shrink’ in time, space and in its cultural vicissitudes.
The increasing accessibility and exposure of remote, unique regions and places, shielded 
from the influence of other dominant cultures, have caused the physical and cultural 
values of those communities to undergo profound modifications (this will be discussed in 
section 4.1). Socially and culturally, this is by no means a one-way problem (Herman 
and Chomsky 1988; McLuhan 1989), it has affected not only the little villages, the more 
susceptible remote societies, and the so-called native parts of the world but also the 
advanced and industrialised ones.
For many centuries, because of the physical limitations imposed by the sources of energy 
available, different cultures and various centres of civilisation were isolated from each 
other. They experienced unique and controlled flows of matter and information. This has 
changed and the prodigal way people are now able to use these resources has removed 
many traditional barriers. People are now experiencing social, economic and cultural 
uniformity over continental areas of the globe, consolidated by an unlimited continuous 
supply of standardised (mass produced) forms of matter, energy and information.
Chapter 2 will outline what seems to be a reasonably linear sequence of progress. 
Throughout the history of architecture one can distinguish the following main phases in 
regard to the predominance of one or another factor: prior to the Industrial Revolution 
buildings were mainly affected by the relationship between people and matter (the art, 
style and the expression of buildings were primarily determined by the use and properties 
of matter - and their refinement by carving, moulding, etc.); the one that developed 
during or after the Industrial Revolution with the relationship between people and energy 
(buildings were not only inert, solid shells but had to perform their function efficiently - 
'machines to live in'); and after the Second World War, with that between people, energy 
and information (the generation of advanced energy savers, passive low-energy 
buildings, which more recently evolved to smart, intelligent buildings).
It will also discuss the simultaneous occurrence of rudimentary buildings built with bare 
hands with modem high-tech ones assembled by very sophisticated equipment and 
processes. It will consider the construction of buildings for which techniques and tools 
were ready and obtainable. It will highlight the fact that all previously developed, past 
techniques can be simultaneously used throughout the world; they did not just disappear 
in the past without traces, they are well alive and still find their applicability. Newly 
available information, materials and energy forms have all stimulated architectural 
developments, however, development is only effective when it is fully integrated and the 
necessary conditions are met.
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This is essentially qualitative research - since exact quantitative measure of the flow of 
matter, energy and information taking place at a specific location is not possible within 
the scope of the present work. It should be made clear that, many of the proposed ideas 
may appear speculative, and it must be admitted that they have to be so in the absence of 
more rigorous primary source documentation. Few architects in the world would be able 
to find a fully documented 'energy budget' featuring sources, flows, and end uses of 
energy in their country or local community. Dretske (1981) shows that the flow of 
information is even less well defined.
However, this framework is substantially effective in including the factors bearing upon 
the fundamentals of Bioclimatic Design as well as the potential consequences that result 
from its application. In fact, it can systematically relate a particular architectural 
expression to a given set of physical and social conditions. It allows an understanding of 
the dynamic interactions between people, buildings and the environment throughout 
historical time.
This is facilitated by recognising that architecture is altogether a cultural, material and 
energetic system. This notion allows designers to understand architecture in systematic, 
operational terms; by considering the flows of matter and energy into and out of 
buildings and tracing their circulation and use within it.
Norberg-Schulz (1963) writes that the architect does not work in a vacuum. The products 
of his work are solutions to problems coming from the environment, and the solutions 
also have a retroactive effect. He implies that the architect works in 'situations' which are 
composed in particular ways and which explicitly or implicitly pose particular questions. 
The situations are, for instance, made up of economic, political and social conditions, of 
cultural traditions, of physical conditions such as climate and topography, and not least 
of human beings who 'see' and perceive the environment in very different ways.
Human societies perform very much like living organisms, they have existence, vitality 
and activity; they have material and energy needs and acquire new ones, they conform to 
customs, values and constraints. The traditional concern of architectural theory has been 
particularly focused on the immutable visual appearance of few special isolated buildings 
within the built environment; and popular architectural history has been mostly concerned 
about the linear description of the sequence of styles, leading up to the one in vogue in 
the author’s own time.
Much of the architectural literature has been based and structured on the historical 
advancement of artistic and decorative skills or on the outstanding ideals of a dozen of 
great masters, rather than on the actual motives which bring about architecture and the
32
CHAPTER 1
forces that can cause transformation in the impetuses that create, define, produce and 
operate buildings.
An architectural idea, even if it seems to be a bright one, cannot be successfully realised 
unless it meets sufficient means and resources. The designer needs to conform and 
coordinate human and environmental resources to the right people at the right time, in the 
right place. Architectural solutions have to be understood as technical and cultural 
products in which the more efficient ones normally supersede those less effective.
Very little is actually known or has been researched about the factual reasons why 
architects decided for this or that construction method, why they adopted this or that 
principle or style, as well as on what rational basis they resolved their schemes. Very 
often, architects feel naturally insecure about discussing more specifically the restrictions, 
reasons, and the conditions provided for the evolution of their ideas, and if they do, it is 
often a post-facto explanation or justification.
The nature and availability of energy sources, for example, clearly influence the spatial 
structure of society. As people learned to harness new sources of energy and use them 
for transport, transport systems developed and the size of cities could increase. Owens 
(1986, p. 2) says that historically, energy transitions; from the use of dispersed organic 
sources, through wind and water power, to large-scale exploitation of fossil fuels, can be 
linked with major shifts in settlement and transport patterns, culminating in the 
concentration of most of the population of industrialised countries into urban centres.
In a more discriminating manner, Ullman (in Oliver 1973, p. 290) says that in the United 
States, the affluence of sectors of the society has allowed families to migrate, not because 
of economic opportunity, but for the prime purpose of finding a 'better' place to live. He 
points out that the amenity most sought is where the winter season is essentially snow- 
free and where outdoor activities are carried out throughout much of the year.
He adds that the energies of the climate can act as an asset, but they can also be a 
deterrent. He writes that Alaska and areas of the eastern USSR although rich in 
resources, have minimal concentrations of population. In order to attract a working 
populace to such locations, special considerations are needed and methods of 
inducements required. Deserts and other remote areas of Australia, rich in minerals, 
present similar problems.
As early as the first years of this century, Soddy (1912) reflected on the nature of the 
dependence of human social systems on energy consumption and suggested that the 
performance of society was subject to the same natural laws as all other energy systems.
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He foresaw a time when the laws of energy would provide an intellectual foundation for 
economics and sociology (this is broadly the theme of chapter 4).
"There is ample evidence that energy supply, price, and distribution are among the 
important factors shaping urban and regional systems, even if the relationship is indirect 
and complex." Owens (1986, pp.2-3) says. In fact, traditional and modem architecture 
have developed without the opportunity to understand how much they depended on 
energy. The great monumental buildings of human civilisation have so powerfully 
impressed and amazed people through their forms, visually, that they have failed to see 
the subtlety of their energy supports.
The feats of modem, industrial societies are largely done by intelligent manipulation of 
energy sources which are finite. Basic activities of modern societies, including 
agriculture, building, transportation and industry are all highly dependent on fossil fuels 
that are dwindling. Merril (1978) advances the idea that widespread energy conservation 
can drastically change the patterns of our lives: the way we eat; the way we travel; the 
criteria we use to separate needs from desires and austerity from affluence.
Butti and Perlin (1981) outline important past historical events related to energy 
shortages. Due to the availability of cheap energy forms in the period between World 
War II and the energy crisis of 1970s, no legislation or minimum design standard was 
implemented for energy conservation in buildings. Eventually, after this period, it was 
found that energy extravagant buildings were severely penalising those who occupied or 
owned them. Local and Federal governments contended that economic penalties for 
energy waste seemed far more likely to succeed than rationing. People apprehensively 
discovered that they could not afford to live in such ill-designed buildings, or they had to 
spend significant sums to upgrade them to acceptable energy standards. With this, a new 
criterion came about to design and a kind of obsolescence - energy obsolescence.
Conversely, tax incentives, technical assistance, promotion and low interest loans at rates 
designed to encourage the design of energy-efficient buildings were some of the 
measures included in many government programs aiming to stimulate public interest and 
appreciation to the use of energy in buildings.
At this point, the objection against the traditional approach is that architectural history and 
theory has emphasised the importance of buildings mostly as space-envelopes, as 
accomplished formal and visual intentions - end-products, not as a cultural, social and 
economic process. The interest has been mainly with how a building was decorated, how 
it has been constructed. It was only recently that architectural books started to consider 
how sensibly a building performs.
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The more traditional approach tends to minimise some rather important factors in building 
design. Rapoport (1969, p. 1) points out that architectural theory and history have often 
been concerned with the study of monuments. “They have emphasised the work of men 
of genius, the unusual, the rare, ...this has represented a small, often insignificant, 
portion of the building activity at any given period.” And he concludes: “the built 
environment has not been, and still is not, controlled by the designer.”
There is no intention to belittle or oppose the artistic competence and creative 
achievements of the architect. The purpose here is to discuss how architects may begin to 
recognise the limits and constraints imposed upon them by the availability of resources. 
Knowledge of this is necessary before they can make rational choices in the process of 
designing and building.
It is vital for designers to comprehend that if they are working in accord with 
prescriptions, what designates a style is a standard set of values, shapes, forms and 
materials used as models of what suited people at a particular place and time. Mies van 
der Rohe once wrote (quoted in Maki 1994) that "Architecture is the will of an epoch 
translated into space."
One hypothesis is that the architect does not arrive at the finished product (building in 
operation) solely by spontaneous delectation and intuition. (Even more intangible art 
forms, such as music, poetry or painting have training and resource issues.) Architecture 
cannot be practiced or understood as just wishful thinking, it has to recognise its limits. 
Innovative, positive and lucid decision-making process must displace irresponsible 
dreaming. Designers cannot expect to execute good architecture consistently by assuming 
naively that somehow, someone, sometime, somewhere, will produce the resources to 
meet their design requirements.
The notion of architecture as a static, isolated object in space is changing (see chapter 4). 
The Gestalt psychologist Rudolf Amheim (1977) suggests that the actual product of 
architecture is the appearance, effect and use of buildings. The Cartesian representation 
of space has been fairly predominant among many modem architects (see section 2.5). 
Its idea of a sculptural building as an empty container that can be filled with whatever one 
chooses to fill has been found to be very defective (Banham 1969; Fitch 1972).
Architects can no longer be educated and seen as the producers of unique sculptural 
entities (see section 2.5), defiantly disconnected from the energies of the climate and 
from the social and environmental contexts. This view of architecture as a three- 
dimensional entity sculptured by the artist architect does not recognise that buildings
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respond to energy system changes, and is therefore abusive in the utilisation of resources 
and offensive to the current public interest in sustainable practices.
The concepts of general systems theory as well as those of thermodynamics and human 
ecology have provided a scientific basis for the development of the analysis and 
perception of architecture as a dynamic, interactive phenomenon. It is now possible to 
conceive the built environment as an open system, which imports, exports or recycles 
materials, energy and information with the total environment.
The architect’s response to a project brief, more often than not, is conditioned by 
tangible, and not illusory, subjective considerations. Because the prevalent physical and 
social conditions, as related to the availability of matter, energy and information, seem 
obvious and granted, the architect tends not to be fully aware of them or their properties. 
Perhaps, designers may consider those conditional issues to be just temporary, trivial, 
ephemeral, contradictory to their own interests. However, irrespective of how one may 
classify them, these factors are true powerful forces which influence design decisions at 
all levels and the designer should better realise them.
Emmerson (quoted in Battle and McCarthy 1994) asserts: “If we desire to work with, 
and not against the forces of nature, then we must have a better understanding of those 
forces, both on the macro-scale and the micro-scale.” This recommendation is well 
endorsed by the present work, because it adequately reflects one of its goals. For 
Bioclimatic Design to be more effectively applied, the architect must have a deeper 
understanding of the forces influencing, and the factors involved in the relationship 
between people, buildings and the environment.
There is still a great deal to be ascertained about the precise prescription to this issue. 
Undoubtedly, it has had some improvements during the last two decades, since the 
energy crisis of the 1970s called for more judicious uses of resources. But a proper 
resolution will certainly require significant changes in attitudes (see chapter 4), a 
widening of vision and technical knowledge, as well as an intention to make more 
mindful design decisions.
A possible further application for this framework is to look at an inventory analysis 
involving the identification and summation of all technical, material and energy inputs for 
a specified component, system or building structure. It could be useful in analysing 
energy and material burden of building products and processes from resource extraction 
to building site and later through use and end-of-life disposal or recycling, providing a 
model that can work with sufficiently detailed information to enable tracking of material 
and energy feed-stocks from the point of origin, through methods of extractions and use.
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1. 1. 7 - Pre-conditions of existence
Looking broadly at human settlements, each building individually seems unique in many 
aspects. Each one features a unique view or position, each one has a different colour, 
etc.. However, when viewed in context, with the inclusion of the surrounding buildings 
- as in a general, birds-eye view of a city, or post-cards of cityscapes, overlooking urban 
areas - all buildings, in their context, present striking similarities, they look alike. (Fig. 
1) This fact suggests that there must be some unifying factors, and that there are some 
common forces shaping the architecture of a community.
Fig. 1 - Bird's eye view of the city of Fortaleza - Brazil. 
(Photo by the author)
Frequently used terms to describe this unifying phenomenon in the architectural literature 
are 'the spirit of an epoch', 'the soul of an age', 'trend' and ‘style’. They represent 
different expressions relating to this particular phenomenon and to these conditioning 
forces. Every such 'style' seems to have its own limits, its own set of materials, its 
symbols and its own agents through which it seeks to satisfy specific needs of people. 
The application of certain styles can also manifest the inherent values of power, status 
and control over resources.
Le Corbusier (1965) wrote on different occasions about these unifying forces:
Style is a unity of principle animating all the work of an epoch, the result of a state of mind which 
has its own special character. ...Our own epoch is determining, day by day, its own style. Our eyes, 
unhappily, are unable yet to discern it. ...Machinery, a new factor in human affairs, has aroused a new 
spirit. An epoch creates its own architecture, and this is the clear image of a system of thought. ...The 
spirit of architecture can only result from a particular condition of material things and a particular 
condition of mind.
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The influence of - matter, energy and information - availability can be experienced in the 
structure and form of the built environment. Sjoberg (1965, p.5) assumes that 
preindustrial cities, in their structure or form resemble one another closely, whether in 
medieval Europe, traditional China, India or elsewhere. Preindustrial cities everywhere 
display strikingly similar social and ecological structures, not necessarily in specific 
cultural content, but certainly in basic form. He writes: "Admittedly the idiosyncratic 
values of any given culture do induce some unique urban patterns. But all too much 
emphasis has been given to the aberrant, especially by writers imbued with the 
humanistic tradition. In many instances, elements that are assumed to be unique to 
particular cities or peasant communities are not so at all."
A fundamental premise of his work is that social science in general must seek to isolate 
the common elements in societies and cultures. He says (p.322): "It is only by 
abstracting out the universal, or near-universal, traits in preindustrial cities that one really 
discovers and explicates what is unique. The more materials on cities around the world 
that I examine, the more I am convinced that too many social scientists assume 
uniqueness where such does not exist."
Along the present work, architecture is to be understood not as a static object, but as an 
ever changing process, following some patterns or better still, some pre-conditions of 
existence. It is presumed here that these patterns and pre-conditions are beyond the 
individual architect’s power to determine. These pre-conditions set the strength of the 
forces and the fundamental arrangements in the structure of society that come with them.
Definitely, the architect alone has no aptitude in determining what one can call the 
'genetic' imprint of a building. Clearly, in most cases this is far beyond the resources 
available to and abilities of the design team. An architect tailors and defines a building in 
conformity with the availability of resources (namely matter, energy and information). 
Louis Kahn (cited in Gutman 1989, p. 119) says that design is a circumstantial act, 
depending on how much money there is available to buy matter and energy, the quality of 
the site, the client and the extent of knowledge (information).
Because of the significant inertia of the built environment, there must be considerable 
time-lag in any response (see section 3.2) to changes in the flow of these resources. It is 
undeniable that energy constraints can set certain forces in motion which will modify 
design and use patterns in buildings. Urban societies seem unprepared to deal with 
scarcity, when the possibility of energy or material shortage has arisen, their inability to 
deal adequately with it was obvious. They adopted one resolution - to put up the price - 
which is socially very unjust.
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A recent example was the energy crisis of 1973. The structure and operations of modem 
industrial society became highly energy intensive, they proceeded on the basis of readily 
available fuel at low prices. As immediate repercussions of that crisis, prices went up and 
the trend was advocated towards designing and operating buildings more interactive with 
the surrounding environment and with greater energy efficiency.
Obviously, Bioclimatic Design cannot offer any simple formula for both human comfort 
and the energy consumption problems. But energy inefficient buildings constructed today 
will still be wasting energy some decades from now. There is no single model of energy 
efficient building, nor is there a unique set of strategies designed to achieve energy 
efficiency everywhere. Variations in the natural and man-made environment would 
probably make such a model questionable.
Information in the form of knowledge, science, technology, skills, beliefs and social 
organisation is basically the means with which people transform physical resources 
(matter and energy) into building fabric and services. Information is the factor most 
deeply incorporated both in the essence of the life of a community and in the 
configuration of its built environment. Ultimately, information comes forth to articulate 
the mutually determining interface between people and their environment.
In the past, human beings have almost instinctively adopted the principle of designing 
and building to take advantage of the energies of the natural environment; they used 
matter in such a way as to maximise the control of energy exchange with the surrounding 
environment (see section 2.1). It is only recently that a radical shift has altered this 
relationship. Modem architecture introduced lightweight industrialised components and a 
range of active building services. The International Style failed to adopt the traditional 
ideas; it drastically reduced the matter content of buildings and has attempted to maintain 
levels of habitability and comfort with the input of exorbitant amounts of energy.
Since the 1970s energy conservation has become a significant issue and interest in 
designing in relation to the natural environment has been reawakened. The discipline of 
Bioclimatic Design has been developed to offer a whole range of alternative strategies and 
design solutions and it invites architects to consider and choose among them. The great 
problem that this approach creates, is that it leaves it to the designer to integrate the 
techniques with economic, environmental and artistic goals, and it makes no attempt to 
mitigate the effects of often conflicting interests likely to be affecting the final decisions.
Papanek (1985, pp. 7-27) proposes that the quality of a given design can only be judged 
in terms of how well it serves the function it was intended to serve. He suggests that the 
function of an artefact has several components that can be satisfied to a greater or lesser
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degree in the design of that artefact, namely: method, association, aesthetics, need, telesis 
and use. By Telesis he means the ability of the designer to take account of existing 
social, economic, cultural and ecological conditions and factors in the context of which 
the artefact shall be used.
Generally, regional architecture presents itself as a concrete expression of the use of 
common resources, tools, materials, and values, (see section 4.1). Rapoport (1969) 
points out that the built environment which results in these shared building techniques 
and processes has identified and helped in defining all such communities and their life­
style, both physically and visually.
Architecture as a practice cannot be addressed without first recognising that its varying 
expressions are utterly the by-products of human appropriation of resources. 
Architectural diversity clearly reveals historically and socially inherent inequalities of 
wealth between nations, regions, suburbs, races and social categories. It always reflects 
the way its users position themselves in regard to the access and control of resources.
Architecture subsists between the extremes of opulence and scarcity. Preference has 
always been given by the profession to the former. Opulence and abundance of 
architecture and interiors by the rich can well be understood, as many Marxist texts 
reiterate (eg. Dupre, 1966), as means to manipulate and reinforce social dominance, 
privilege and the preservation of status quo. Socially and politically, it helps the 
promoters of sumptuous architecture to reinforce and retain their positions and status in 
controlling and accessing resources.
Sjoberg (1965, p.125) affirms that conspicuous consumption, luxury goods, richly 
furnished homes, and the like, on the part of the social elite reinforces its status, helping 
to transmute its assumed power into authority. The very term 'class' is sometimes used 
to describe objectively differentiated degrees of access to resources. Physically, opulence 
means an excessive demand on matter, energy and information.
The architect as a professional is impotent to rectify such imbalance. A typical deceitful 
position in this regard is the widely prevalent policy, especially in many developing 
countries, of not tailoring building programs to the country’s income level or the 
household’s ability to pay. Instead, the approach has been to divert scarce resources into 
the provision of a few dwellings with inappropriately high standards of buildings, 
materials and service levels.
In chapter 4 the up-to-date issue of sustainability and the need for an ethical attitude 
towards the use of resources will be discussed. Architects cannot always provide what is
4 0
CHAPTER 1
technically correct and artistically desirable and acceptable; they have to constrain and 
harmonise their design to a given condition. Obviously, they cannot supply the vital and 
basic needs to those who ‘have not’ through design.
1. 1. 8 - Some facts observed
Supplying people with the basic elements necessary for corporal and mental well-being 
requires physical resources - matter, energy - and information, as well as the sustaining 
backing of environmental processes. The architect should not underestimate the 
significance and the spatial implications of distribution of wealth, and therefore of power, 
and the way the social product is divided between proprietors of resources and those who 
wish to use them. Good design alone cannot make the poor better off. Indeed, design is 
neither the saviour nor the villain but a tool that can be used to provide more and better 
from less.
With the advent of the industrial revolution in the nineteenth century (where energy was 
the primary influence), and the information revolution which is currently taking place, the 
quantity of goods, services and information provided per person has increased 
significantly. The demands on matter, energy, information, and environmental processes 
as well as the ensuing supplying, have become more and more intense and intricate. The 
complex interactions which actually occur within the flux of these components have 
become increasingly indisputable, as humans now have to pay for everything they need.
The architect’s influence worldwide is only indirectly perceived and somehow 
inconsequential* to the majority of the population. If one scrutinises the entire design 
process, one can realise that when attempts are made to disseminate the works of 
architects to a greater portion of the population, it is via selected media and through few 
special publications not accessible to most of them. In terms of real experience of an 
architectural masterpiece, it is only through special governmental, institutional, and 
corporate clients that ordinary people can access them and only in a restricted way as 
permitted and controlled by those clients.
A careful analysis of the architecture of a given place demonstrates the close interplay 
between these factors. It is through the agency of these interactions (technology with 
matter, energy with information, energy with matter, and so on) that many facets of 
human civilisation and the most prevalent aspects of the built environment are 
engendered, not only in the present but also in the distant past (see chapter 2). Ubbelohde
* Architects, throughout the world, can be commissioned only by the wealthiest segment of the society. 
Doxiadis (1963) shows that an accepted figure for architect-designed buildings worldwide is reliably 
estimated at five per cent. Historically, the outcome of architectural activity has been very limited; 
actually, prior to modem times there were prescribed ways of designing a building.
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(1963, p. 15) writes that dominion over matter through control of energy has been a 
permanent ambition in human nature. He emphasises that every mode of mastery over 
matter in some way involves mastery over energy.
The literature is saturated with very authoritarian and pompous discourses and statements 
about buildings, where designers assume a position of unlimited control over the nature 
and quality of the building they are designing. Of course, they are sometimes required by 
clients to use resources as if they were unlimited to display status.
Actually, most architects cannot be very independent, free and fanciful, because full 
realisation of the design only happens with the input of a group of consultants and after it 
passes through a series of inspections and consents of clients, agents and the managerial 
groups running public or private institutions. They usually demand precise conformity of 
the design with instituted criteria (brief) as well as a comprehensible account of the 
decision-making process by the designer.
The importance of the resource basis raises an opportunity to briefly discuss the issues of 
style and change in architecture; and the argument is whether architecture changes only in 
conformity to formal, individual preferences and stylistic conversion, or whether it 
changes by the deciding impetus enforced from within the socio-economic fabric, by 
consequence of the magnitude and density of the interconnected flux of matter, energy 
and information.
Even if one narrows the focus and takes 'style' as a valid design basis, one must remark 
that a successful application of such style depends on its suitability to a specific people, 
place, climate and culture. Philip Johnson says (quoted in Scully, Stem and Eisenman 
1979, p.76) that a style is not a set of rules or shackles, as some people seem to think, 
but a climate in which to operate.
Rapoport (1969) points out that the built environment often features elementary and 
rudimentary buildings, coexisting in the same area, with high technological and high- 
priced, opulent ones. The important question here is - what forces are there that induce 
this differentiation and at the same time allow such quiet coexistence ?
The physical nature of the climate (natural energy) has been widely used to explain many 
distinctions in building design among regions and countries, (Aronin 1953; Fry and 
Drew 1956; Koenigsberger and Lynn 1965; Saini 1973; Konya 1980), but they alone 
cannot justify the totality of differences. While the energies of the climate do impose 
certain limits upon the design and fabric of buildings, and while the construction is
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usually limited by the materials at hand, different groups of people living under similar 
climatic conditions have constructed buildings of quite different design.
The economic justification has also been very popular (eg. Zevi 1957; Freedman 1969). 
Because of the obvious power of money to influence people's personal lives, one often 
tends to view the qualities of architecture in monetary terms, and in so doing one forgets 
that money is merely a convenient device for arranging the flows of matter, energy and 
information which make up the patterns of economic and social activities.
Although the variations in architecture are many and complex, the single most dominant 
factor governing its quality has been generally thought to be the income level of the 
populace. However, if one scrutinises this assertion literally, in a more strict and 
consistent way, one can verify that the possession of money alone does not effect any 
change in the environment at all - money is just a legal, symbolic means of exchange. It 
is actually when one decides to spend money, and therefore causing a change in the flow 
of matter, energy and information that things start to be modified.
The value of architecture in promoting the well-being of its users is much broader than a 
monetary measure of income can indicate. It involves many subtle, invisible aspects of 
subjective well-being other than those that characterise a market transaction or that can be 
measured in monetary terms.
The American congressman Chet Holifield (in Clark 1975, p.68) comments: "Our 
(American) standard of living is the highest of any nation in the world because we use the 
highest ratio of mechanical power versus manpower. One (American) man can do the 
work of 350 men." Clark (p.69) points out that the average American consumes 1 100 
times the amount of energy that a resident of Burundi consumes.
The case can also be that a person does not have enough money to produce a certain 
distinctive quality of architecture. However, he or she can have the political, or religious 
power (persuasive power - use of information) to channel other people’s energy and 
resources to match the requirements specified by the appointed designer.
The popular notion is so strong that the very term 'economic' has come to mean 
something that can be expressed in money terms. A better view of economics can be that 
it is concerned with the task of allocating resources between competing uses, which in 
fact focuses attention more on the physical quantities and qualities of resources rather 
than the money paid for them.
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In summary, there are the energies, the cultural and technological background 
(information) as well as the material environment which altogether, in an assorted variety 
of combinations, set the scenario for what is expected and rationally required by the 
clients, for what is physically and technically possible and feasible in architectural terms 
for the designer, and for what is attainable for the constructor, and so on.
Aronin (1953, p.20) asserts that almost everywhere in the world for hundreds of years, 
until modern times, the climate has been a dominant influence on architects and 
architecture. He refers to Helmut E. Landsberg' remarks:
Personal taste played only a minor role in the evolution of buildings. The low house with the thatched 
roof and the lack of window surfaces characterizes the windy, rain—and snow-swept slopes of Norway's 
fjords. The gabled house of the Swiss Alps is designed to withstand the heavy snow loads of the 
region. The walled, white house with the flat roofs frequents the desert regions with their intense 
sunshine and the wide diurnal temperature range. There is the lattice wall and the waterproof roof of 
the moisture and rain-burdened hot air of the tropical jungles. All are well suited to compensate in a 
primitive way for the climatic conditions of the respective regions. Moreover, not only houses but 
entire cities have been laid out climatically, whether intentionally or otherwise. The former case is of 
the type revealed in the writings of such men as Vitruvius and Aristotle. The latter category was a 
spontaneous solution of the problem of climate, as typified perhaps in the ingenious invention of the 
narrow canyon street of the desert regions, where one row of houses offers shade protection to the next 
and where the wall surface exposed to the radiation is kept to a minimum.
What is actually being stressed is that although the principles of design are the same, the 
end product might be quite dissimilar. Many societies explicitly display some degree of 
differentiation in their architecture, based on social distinction in that society (possession 
or control of resources - matter, energy and information). The satisfaction of the needs 
and wants of affluent people can keep designers really very active, for their demands are 
not modest. Sjoberg (1965) remarks that governments have utilised slave energy on a 
grand scale to erect architectural monuments, temples and tombs, with labour extending 
over years, sometimes decades.
Clark (1975, p.4) adds that the major source of energy in both ancient Greece and Rome 
was derived from slaves. The significance of slave labour, or energy supply in Rome 
was great. He remarks that in one slave mart in Delos during Roman times, as many as 
ten thousand slaves were sold in a day, and in the period of the emperor Augustus, Rome 
alone boasted as many as four hundred thousand slaves.
The use of human beings as slaves was a feature of the rise of early civilisations. Foley 
(1976, p.48) points out that the slave worked for a master and received no pay. He only 
consumed energy in the form of food. In this he was the same as an animal. Foley 
considers both the slave and the domesticated animal to be precursor of the mechanical
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engine; they were means of turning the energy of food, or fuel, into the work their 
owners required of them.
Sjoberg (1965, p. 199) writes that although the use of forced labour (human energy) on a 
massive scale persists, the very need for this diminishes with advanced mechanisation. 
But with technology, comes a demand for information. He continues "Even labourers, to 
run the machines, must be literate persons with specialised training. No ignorant slave 
can drive and service a caterpillar tractor or steam-shovel."
The indication of the different levels of demand has been expressed architecturally 
through the predominance of one or another factor in various degrees; at one extreme, the 
great pyramids of Egypt and the monuments of the Mayas, for instance, display an 
extraordinary usage of matter, whereas in energy terms they were realised through 
animate sources of energy executed by the combined efforts of an enormous number of 
human beings. At the other, modem, lightweight commercial buildings employ minimal 
matter but demand the use of an unconstrained amount of energy. For their construction 
electrical machines perform the work of hundreds or thousands of man where inanimate 
energy is ultimately a replacement for human labour. Some architectural masterpieces 
reveal a profuse manipulation of information to exhibit (or pretend to) the good taste and 
the culture of the client.
Rapoport (1969, p.10) writes that traditionally, the economic surplus of some societies is 
reserved for special types of building - the monuments of the culture (probably to express 
pride of being well informed, educated people).There are actually many architectural 
elements which can be used to express the correspondent application of these factors, 
such as the location, the size of both the site and the building, the level of decoration, the 
type of materials, the quality of the building services, etc..
An active built environment has to use energy to take in materials, move them to where 
they are required, combine them into building components and assemble them together 
into the final product. Energy is also essential for the control of the internal temperature, 
to supply fresh air, to transmit information, to adjust the level of light and to transport 
people and goods inside buildings.
Once these resources flow into the built environment, they are subject to a number of 
possible uses. Some are used directly by people or by the necessary construction. About 
three decades ago, the average urban dweller in the USA, according to Wolman (1965), 
used directly or indirectly about 600 litres of water, 2 kilos of food, and 9 litres of fossil 
fuels each day. In an average day, he says, the city's inputs are converted into 480 litres 
of sewage per person, 2 kilos of refuse, and 1 kilo of air pollutants per inhabitant.
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If the built environment is not maintained by a continuous input (flow) of matter, energy 
and information, it can rapidly degenerate and eventually decay or become ruins. History 
shows how many advanced civilisations, because of changing circumstances that have 
ceased abruptly or progressively the necessary flow of these constituents, have been 
suddenly or gradually transformed into ruins.
In reference to the energy crisis, Van Til (1979) writes that the possibility of a transition 
to an energy-short future will involve one of the greatest shifts in cultural and individual 
expectations known in history.
1. 1. 9 - Applicability of the framework
Chapter 2 studies the antecedents of Bioclimatic Design. It will start with the primitive 
hut - emphasising the use of raw matter - probably the most basic type of instrumental 
control over environmental contingencies, in addition to congenital biological and 
physiological responses.
Many primitive building processes which are based on the use of raw matter are still valid 
today - pisd or rammed earth and thatching, for example. These are techniques based on 
the sheer use of matter, with little elaboration and no building service installations. It will 
be discussed (in section 2.4) that machines replaced animal and human power as a 
driving force. Although electric and nuclear energy are now ready available technologies, 
motive power obtained by harnessing the animate energy of horses, oxen, or human 
labour are also still applied in many parts of the world.
These simple technologies are often considered by many critics as anachronistic, 
primitive. However, they persist and they find their role and applicability whenever 
appropriate conditions arise.
Fitchen (1988, p.2) speaking of the building process, reinforces the view that: “The 
methods of the constructor must necessarily vary according to the nature of the materials, 
the means at his disposal, the requirements which he must satisfy, and the civilisation in 
the midst of which he is placed.” This statement clearly indicates that the coexistence of 
diverse architectural expressions, with remarkable vicissitudes depend to a large extent 
on the level of wealth of resources (more specifically: matter, energy and information).
In all cases the question is whether the influences and these (not so obvious) determinant 
factors are being recognised by the architect. It can be said that certainly they are not, 
because as the literature reveals, generally the most influential forces in building design
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are considered to be (at least by the architects themselves) the outcome of personal 
choices and preferences postulated by the architect alone.
Due to the inherent modernity of Bioclimatic Design as a discipline, one cannot assume 
that architects yet fully recognise the effect that orientation, shape, fenestration, materials 
and form have on the quality of the aural, visual and thermal internal environments.
Concern with energy, for example, means that orientation, building form and shape and 
the choice of building materials come into the conceptual design thinking, at very early 
stages. The design of the building fabric and its use can determine, for example, how 
much continuity can exist between the internal and the external environment and hence 
how much active energy a building requires. It is interesting to perceive the way the 
many levels and layers of interactions among the components (matter, energy and 
information) can affect the character of a building and the installations serving it.
Comfortable buildings, good design, often do not come cheaply. For various reasons, 
many people cannot mobilise the required resources for the design task to be tackled 
adequately. Unfortunately, for a large segment of society the built environment is 
appalling, crowded, unsanitary, congested, and polluted. These poor buildings, as well 
as the exemplary ones reflect, to a large extent, certain discernible characteristics 
prevalent in that society.
The architect’s work can only be successful if it is thoroughly consistent with the level of 
demand he places on available resources as well as if the integration of the physical and 
social realities are considered. Within the architectural milieu it is now an ethical 
imperative to understand the actual situation concerning the inequalities between those 
‘who have’ and those ‘who have not’ as expressed and reinforced by the application of 
these components (matter, energy and information) in the built environment. This 
framework suggests that if resources are to be used efficiently by architects, in a 
sustainable way, strategies to match resources and needs are imperative (see section 4.2).
These requirements can only be satisfied if the architect is well-versed and concerned not 
only with the artistic visual issues, but equally with explicit, mundane issues such as 
why and how to choose a particular size for a building, one orientation, one material 
rather than another, one form, one construction method, etc.. This is an endless list 
which, at least in part, (consciously or not) can be correlated to the existing level of 
information which may be regarding matter and energy).
The conventional study of architecture has not given much insight into the processes or 
determinant factors involved in the creation of buildings. In doing so, it may have
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concealed important facts and thus limited the present thinking about the potentialities in 
exploring other values and meanings in architecture. This framework seeks to offer 
another perspective to the study of architecture which inevitably includes energy (and 
thus Bioclimatic Design) as an essential part of it. In doing so, it prepares the basis to 
contemplate the architectural facts, from an original assumption, without prejudice.
The aim here is to present a systems approach that can help to overcome the disciplinary 
biases that seemed to restrict the development of Bioclimatic Design research and theory. 
A few interdisciplinary courses in energy and environmental studies do already exist in 
some architectural schools, however, Bioclimatic Design at the moment is still considered 
by many as a specialised course in its own right.
Ideas and value about history in general have changed, there are now many and varied 
perspectives. Architecturally, various theoretical formulations have been in evidence for a 
considerable period of time, and have been employed in a variety of contexts. There have 
also been some serious attempts to take a more contextual and methodological 
examination at the forces that shape the built environment: Banister Fletcher’s (1975) 
approach in History o f Architecture on the comparative method; Zevi,'s (1957) 
Architecture as space: how to look at architecture ; and Rapoport’s (1969) approach in 
House, Form and Culture are renowned ones which involved sound analytical studies of 
architecture not only from the physical point of view - climate, geography, materials, but 
also from the social aspects - economics, religion, culture and technology.
Such relevant studies have described the characteristic features of the architecture of some 
countries by comparing the buildings of each period and by stressing the set of influences 
(geographical, geological, climatic, etc.) which have contributed to the formation of 
particular styles. The question is: which set of variables or factors are being favoured?
Much of what architects design and build is conditioned by technology, machines, 
science, and by useable materials and mechanised power. With the increasing application 
of information on matter (eg. in building components, tools, machines, automated 
controls), people are now able to build buildings with a reduced energy input or, for the 
same energy input, build safer or more comfortable buildings.
The role of architecture in predicting and controlling the flow of matter, energy and 
information around people is extremely important. It provides meaning, coherence and 
repose to the human sensory realm. With respect to Bioclimatic Design, some degree of 
prediction and control is an essential condition which can avail body and mental 
adjustment and adaptation to changing environmental conditions. Through these
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functions architecture structures the uncertain natural environment and makes it livable, 
predictable and more constant.
In order to adjust to and accommodate to environmental fluctuations, with any degree of 
success and satisfaction, the designer must be able to anticipate how people will feel and 
behave. Research done with individuals under varying situations of stressful 
environmental conditions (eg. Bedford, 1948) leaves little doubt about the immediate and 
debilitating consequences of Jong exposure to harsh environmental conditions.
The products of human civilisation attest one of the most deep-seated instincts of 
mankind is to control and dominate its environment. Ellul (1964, p.110) postulates that 
the outcome of rationalisation and technique is order: "Technique has only one principle: 
efficient ordering. Everything, for technique, is centred on the concept of order."
In a general way, the ability to predict and control is also the contingency of scientific 
rationalisation. An implicit relationship can then be established between the role of 
architecture and that of scientific knowledge. And the ensuing culmination is the very 
development of Bioclimatic Design as a recognised discipline which focuses on the 
application of scientific methods to building design, with the aim of providing better 
predictive tools and an efficiently controlled and stable internal environment.
Generally architecture is a complex combination of human interferences to environmental 
dissonance, designed to promote some degree of control and predicability in the flow of 
matter, energy and information incident upon a certain space, for the maintenance of a 
steady mental and physiological temper within the given built environment.
In a more political realm, order and control are related to energy by Clark (1975, pp 43- 
44). He asserts that in the nineteenth century a highly centralised social order developed, 
designed to accelerate the use of the concentrated energy sources. A characteristic of this 
centralisation was the development of the central business corporations to facilitate the 
flow of energy and finished goods in the economy. High-energy societies incorporate 
strong centralised energy supply systems, as well as centralised government and 
economic systems. He notes that high-energy societies disrupt local, regional and family 
values and replace many of the functions of man with the energy-subsidised machines.
Humans are not passive, inert living creatures reacting to environmental stimulation 
alone. Information is one of the essential factors for the production of architecture. The 
architecture that has been produced throughout the history of civilisation is marked by a 
high degree of resolution, symbolism, ideals, concepts and intentions. Remarkably, the 
architecture which is being currently developed (the so-called intelligent buildings) is
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serviced by a continually active information processing system, systematically 
monitoring, controlling, adjusting and evaluating all the environmental factors affecting 
the well-being of the building occupants.
Architecture is both a complex product and a complex process; providing a combination 
of usefulnesses - space, environmental services and locational value, among others. The 
form and quality of architecture vary widely among countries, among cities in a country, 
and among different locations within a city or town.
The actual amounts of matter and energy needed and consumed by buildings have been 
the focus of intensive research recently (eg. embodied energy studies, ecologically 
sustainable architecture). While buildings cannot exist without these resources, they are 
not always available in the same amount at different locations and time. As a result, an 
enormous variety of designs and methods exist in which people adapt their buildings to 
the availability of these resources. Indeed, an entire spectrum exists, with some buildings 
thriving in conditions of luxuriance, while others maintain themselves under conditions 
of extreme bareness.
One hypothesis is that architecture could be examined through the prevailing conditions 
existing in a specific place and society in relation to the availability and interdependent 
flow of matter, energy and information. This way one could possibly further develop the 
analogy with the DNA structure in living organisms; it stores and carries, through minute 
bonds, the genetic code of a creature, pre-determining some of the main characteristics of 
a living creature. Animals of the same species, although similar biologically; presenting 
the same physical attributes, each one is different and distinct in many aspects; visually, 
culturally (humans) and in behaviour.
One potential contribution of this framework lies in its analytical and predictive value. 
The interconnected flow of matter, energy and information, which is specific for each 
place, can have an equivalent status for the built environment as the DNA material has for 
the living organisms. It controls the heredity, day-to-day operations and evolution of a 
building.
Each community or culture has its own particular variant of the flow, like each species 
has its own unique version of DNA. Even within a community, individual buildings 
present their own minor variation of the flow, just like a minor variation of DNA, eg. 
controlling hair colour and nose shape in humans. Knowing the quality and quantity of 
matter, energy and information being used and available by a certain community, one can 
have quite accurate estimates of the type of architecture that can best suit it.
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Aberrations and mutations of the DNA can lead to serious problems in living creatures as 
diverse as genetic defects and cancer. The same seems to apply to architecture, 
particularly when a designer tries to copy or import a foreign design solution or 
technology without much consideration to local factors. Fathy (1986) advances the idea 
that:
Every advance in technology has been directed toward man's mastery of his environment. Until very 
recently, however, man always maintained a certain balance between his bodily and spiritual being and 
the external world. Disruption of this balance may have a detrimental effect on man, genetically, 
physiologically, or psychologically. And however fast technology advances, however radically the 
economy changes, all change must be related to the rate of change of man himself. The abstractions of 
the technologist and the economist must be continually pulled down to Earth by the gravitational force 
of human nature.
“Unhappily,” he says,
the modem architect of the Third World, suddenly released from this gravity, and unable to resist 
temptation, accepts every facility offered to him by modem technology, with no thought of its effect 
on the complex web of his culture. Unaware that civilisation is measured by what one contributes to 
culture, not by what one takes from others, he continues to draw upon the works of architects in 
Europe and North America, without assessing the value of his own heritage.
It has repeatedly been said that modem cities are hardly different from one another and 
that modem architecture is repetitive. The effect of the globalization of the economy (after 
the Industrial Revolution) made the flow and availability of resources (matter, energy and 
information) in major big cities of the world, present quite similar properties. It became 
practicable to solve architectural problems without having to allow for the local 
geophysical and climatic conditions (see section 4.1). Advances in transportation, 
telecommunications and building technology could guarantee the importation and 
application of matter, energy and information from distant or foreign sources. The 
growth and development of a large metropolis is intimately related to their capacity in 
participating in the international economic system.
One may argue that countries are different and what is going on in Tokyo may differ in 
many respects to what is happening in Sydney. However, it is also clear that all modem 
cities are industrial structures. The same type of goods are produced and marketed 
everywhere, the same books are read, the same music is broadcast, the same types of 
commercial buildings and shopping areas are seen in all modem towns; people tend to 
have the same pattern of life and are faced with basically the same problems.
Studies have been done (eg. Boyden 1979) which suggest that a city can be imagined as 
a system that receives inputs of matter and energy. It receives but also produces and 
elaborates information. Most of the inputs are transformed or stored. Eventually a portion 
of the transformed products and wastes together with some unused matter and energy is
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sent out from the city as outputs. The balance between the various inputs and outputs 
provides a measure of the city's metabolism; it indicates whether the city is in a state of 
growth, equilibrium, or decay.
History has shown that the particular conditions of a place in relation to its flow of 
matter, energy and information are not perpetual. If, by circumstances of warfare, natural 
misfortune, political mismanagement or any other cause that disturbs the stable flow of 
these resources, one would find a critical impasse which, depending on duration, may 
eventually determine a change of appraisal and possible modifications concerning the 
principles in designing, constructing and maintaining buildings.
It is important to realise that the flow of matter, energy and information is vulnerable to 
interruption by various circumstances: political shifts, wars, earthquakes, regulations that 
restrict access to resources and even by popular protest (such as those developed from 
concerns of the conservation movement of the 1970s).
Architecture has a considerable inertia for change, probably due to its solid and enduring 
physical nature, but it does not mean it is immune. It just takes longer than most other 
human proceedings to adapt and adjust to new requirements. Fitchen (1988, p.214) 
asserts that among the many cultural ingredients, a typical house type is more persistent 
and more resistant to change than the others. He writes that some anthropologists have 
noted that, in most native cultures, house forms are undoubtedly less subject to foreign 
influence or contamination by adjacent cultures than any artefacts, crafts, or practices, 
including language itself.
This framework can be realistically applied to any given place, at a certain moment in 
time, in the context of a single society. It intrinsically suggests the principle of 
relativeness; the need to consider that many elements in architecture have no absolute 
value. (There is no need to develop this issue, but it can be carried out by a process of 
cross-examination of, and comparisons between various architectural realities.) If the 
designer perceives and becomes conscious that other dynamic contexts, other realities 
(different flows and availabilities of matter, energy and information) have existed before, 
and that they exist now and will exist, then he can regard other prospects, and this can 
ultimately lead to the identification of the idiosyncrasies involved in the design decision­
making process within a given society.
No quantitative and objective measures of the flow and availability of matter, energy and 
information seem to be possible at this stage. It is indicated that studies of the perception 
of these factors and their significance by architects can be made in order to ascertain the 
extent to which design solutions and the architectural character of a place can be
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elucidated by the status of that place in relation to the magnitude of the flow of resources. 
Of course, this can include the extent to which the architectural needs of the population 
are met (shelter, physical comfort, etc.).
The basis of Bioclimatic Design is far wider than the basis of most other design activities. 
Energy as a design issue was for most of the time unknown, and it still finds some 
resistance to be accepted by many students, professionals and architectural educators. 
The expert in Bioclimatic Design needs to range widely over the complex phenomena of 
environment, building and man (one has to be aware that the environment is as difficult, 
heterogeneous and complex to understand as man himself). This work emphasises not 
only some of the strengths but also the weaknesses of current knowledge in this field.
Major changes in human development, and in particular, concepts of energy use, finite 
material resources and reliable information on environmental conservation throw up large 
questions of directions for architecture regarding its relation to the natural environment. 
As it will be discussed in the following chapters, the historical development of 
Bioclimatic Design reflects a growing interaction between energy and the other factors 
(matter and information). The integration of the framework with the study of the 
development of this discipline was facilitated by the increasing acceptance of energy as an 
important issue (through the ecological consciousness of the 1960s, the energy crisis of 
the 1970s and the conservation movement of the last two decades).
Bioclimatic Design is manifested in cultural, social, physical and physiological terms, it 
exists to help architects to structure, through design, the acclimatisation and adaptation 
process of people to the environment they are living in. Although the framework could be 
seen as simplistic in its form, it does emphasise the complex interaction between people, 
buildings and the environment.
It attempts to bring a simple framework to the multidisciplinary field of Bioclimatic 
Design. Although the detailed implementation of this framework is beyond the scope of 
the present work, an outline of the model is presented in order to highlight its 
components. It is used here simply as a tool for the study of the development of 
Bioclimatic Design in architecture.
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Section 1. 2 - The Factors
1. 2. 1 - Matter - h o m o  f a b e r
The physical definition of matter (eg. Soddy 1912) is what a thing is made of; whatever 
occupies space and is perceptible to the senses in some way. There are two major 
categories for matter as a natural resource; geological, inorganic (mostly nonrenewable), 
and biological, organic (mostly* renewable).
In terms of physical circumstances, the present built environment (three-dimensional, 
man-made artefacts which serve to enclose, shelter or house human activities) differs 
from the natural in the total dominance of man-made structures composed of inorganic 
matter. The materials used traditionally in architecture have been both organic (wood and 
natural fibres) and inorganic (stone, clay, glass ceramics), but this has changed and to 
that basic classification, civilisation has added synthetic materials.
The urban environment connotes the superiority of nonrenewable forms of structures, 
physically organised to utilise energy and exchange information. Urban people need to be 
supplied with considerable flows of matter (water, food, textiles, construction materials, 
etc.) and energy (to power operations, control temperature, lighting, cook food, 
transportation, etc.). Conversely, the natural landscape represents the biological, 
renewable communities which potentialise the natural circulation of materials and energy.
Fitch (1972, p.9) suggests that once born into the world, humans enter into a very 
complex relationship with their environment, for existence is on two levels: the metabolic 
and the perceptual. These two levels are indissolubly connected, the metabolic being 
essentially concerned with the material and energetic basis of consciousness. Many of 
life's fundamental processes transpire at the metabolic level: heartbeat, respiration, 
digestion, hypothalamic heat-exchange controls, etc. Information, including the sensory 
perception of the environment can come into play only after these conditional 
requirements are met.
It will be argued (section 2.1) that the use of matter represented one of the oldest forms 
of environmental control - the physical interruption by matter of the energy flow between 
the exposed human body and the total environment. Wherever people lived they had 
always materials available which they could use for the separation of their own controlled 
environment. If different materials were found in the same place these could be used 
combined, such as clay and stones, earth and timber, stone and plants, etc..
Oil, coal and gas are from biological, organic origin, but are not considered renewable.
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Worldwide, natural, readily available materials have traditionally furnished the essential 
ingredients for architecture: snow for igloos; wool felt for the desert Bedouins’ tent; 
bamboo and similar pole-like plant products with rushes, grasses, and palm fronds for 
thatched dwellings; mud for a variety of structures in Middle East and parts of Africa; 
bark for roofing and exterior walls in North and South America, etc..
Humans are often described as animals that can use tools and produce objects (homo 
faber). However, before they could use tools, they have to make them, and for this they 
need appropriate materials. The type of material available has always determined the type 
of tools and buildings people could build. Archaeologists and anthropologists call the 
early ages of man by the basic materials available in each age, Stone Age, Bronze Age, 
Iron Age, etc..
Sjoberg (1965, p.65) suggests that one of the technological achievements that opened the 
way for the proliferation of cities in the Old World was the shift from copper or bronze 
implements to those of iron, made possible by the invention of iron-working techniques 
around 1 200 BC.. The higher efficiency, reduced cost and availability of iron tools 
substantially augmented the agricultural yield and the output of manufactures in cities. 
Iron plows were more durable than the bronze, stone or wood ones. With iron, better 
wheeled vehicles became a reality, and facilitated the shipment of food and goods to the 
city's markets.
"Today", Ward and Dubos (1972, p.41) write, "it has been estimated that, on the 
average, a citizen in the... United States, carries eleven tons of steel around with him in 
cars and household equipment, and produces each year one ton of wastes of all sorts."
Fitchen (1988, p.49) observes that determining what materials to use in a given building 
was a major step in planning its construction.
The builder was concerned with not only the kind of stone, for example, that was chosen but also in 
pragmatic terms, the location of its source, the reliability and sufficiency of its supply, the feasibility 
of its procurement, the methods and routes of its transportation to the building site, its quality, and its 
cost. One of the most outstanding advantages of Roman concrete was the cheapness and abundant 
availability of its ingredients. ...Obviously, neither quarrying nor transporting the ingredients (cement 
and aggregates) posed any significant difficulties.
- • s ,  -
The architect is faced today with numerous complex choices regarding materials. The fact 
that many inorganic and synthetic materials cannot be recycled gives rise to the inevitable 
question of their disposal. The organic materials, being products of nature, can only be 
self-renewing if used judiciously. Materials such as aluminium, glass, plastics and steel
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consume large amounts of energy in their production with considerable emission of 
greenhouse gases into the atmosphere.
1. 2. 2 - Interconnection of matter with information
Not so long ago, some buildings were designed to conform to a given style; their 
facades, openings, roofs, materials and structures were components served for the 
disposition of decorative ornament which would indicate the 'style' in which the building 
was done. The authenticity of the architecture of this time was established by following, 
in great detail, models, sizes, proportions, and overall patterns of a certified example.
It is difficult to talk about architecture without making particular reference to matter. 
Some properties of matter: elasticity, compressibility, viscosity, capillarity, permeability, 
hardness, thermal conductivity, transparency to light, etc., determine not only the use of 
a material in a given building, but also how the building is experienced.
Harrison Brown (1954, p.187) states that when man first learned to use tools, wood and 
stone were the only major raw materials available. He points out that there is a limit to 
what can be accomplished with wood and stone alone. Once man learned to produce 
metallic tools, the use of metals increased and the range of things that could be done 
extended considerably.
Matter left to itself continues in the same state. Any artificial change applied to a material 
involves intention and the use of some energy. To make something useful out of plain 
matter, one has to make deliberate interventions and plan how much energy will be 
required, what is the expected result, how will the material behave, etc.
Fitchen (1988, p.21) suggests that any investigation into the history of building 
construction is complicated by its close interrelation with the other two practical aspects 
of building; namely, the material and the structural systems.
A given structural system is fundamentally affected - even completely determined, in most cases - by 
the materials employed in its realisation; and both considerations have an intimate bearing on the 
method of execution adopted.... The construction of buildings is a dynamic, ongoing series of 
operations that is intimately tied in with both the materials and the systems it utilises.
• s , - *
Semper wrote (in Ettlinger 1964) that in ancient and modern times the forms of 
architecture have been represented as conditioned by and originating from materials. The 
range of materials and the restrictions these materials imposed on the spanning of space, 
stability, resistance to wind, rain and to solar radiation, as well as their impermanence
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compared to stone or brick masonry, would seem to allow for variations in the shape and 
conformation of structures made from them.
Architecture has evolved from the Stone Age into the Iron Age. As materials more 
resistant to tension came to be employed, the use of mathematics, and the analysis of 
forces based on the strength of materials, allowed buildings to accomplish better 
performance with less material resources.
Collins (1967, p. 186) emphasises that Perronet’s most famous bridge was that spanning 
the Seine at Neville, France, built between 1768 and 1772: the first bridge in which was 
designed on scientific principles and in which the size of the piers was calculated 
accurately according to the loads to be carried. Unlike earlier bridges, in which no 
account was taken either of the thickness of the vault or the height of the piers, and in 
which the width of such piers was assessed simply as a fifth of the spans butting against 
them, the piers of the Pont de Neville were calculated so precisely that they could be 
reduced to one tenth.
A reliable flow of matter (in the form of raw materials and finished goods) has been a 
fundamental factor in the health of the economy and in the well-being of many people. 
Early architectural developments depended on a limited range of matter and human labour 
as the sole source of energy. The process of civilisation gradually directed resources to 
the advancement of information (science, education, technology) with the result that a 
whole new reality of materials and forms of energy, dramatically different from that of 
the past, were made possible.
Presently architecture incorporates a variety of materials. They are processed, cut up into 
shapes and fixed together to create the fabric of the built environment. Inputs of 
information are increasingly directed into trying to solve problems regarding the amount 
of energy that is consumed in their fabrication; whether they be structural, finishes, or 
service equipment. Architecture now is getting into a new age. Research is investigating 
the use of polymer, carbon fibre, synthetic fabrics, resins and tiny sophisticated 
intelligent control systems which can render very efficient performances.
Modem building materials have changed architecture (see section 2.5). The fireproof 
iTature and weather-resisting qualities of some new artificial materials enabled them to be 
used without any exterior casing. New architectural forms and new configurations were 
found for the materials which late technology has brought about. The recent progress of 
Western architecture has been largely based on efforts for material innovation.
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In many big cities of the world today, architectural development is just an expression of 
material and technological affluence. Bernal (1937) indicates that the development of a 
scientific basis of architecture was largely due to this technological innovation: "Science 
is being forced into architecture largely because of the necessity for new knowledge to 
cope with new materials."
Snyder (1984, pp.4-5) suggests that new technology is driven largely by the product 
development efforts of materials manufacturers. With the advancement of material 
science and information*, new construction processes are being initiated at atomic levels. 
One can already predict that molecular research into material performance may provide 
designers with the means of manipulating the atomic ingredients to the required 
environmental specification. Using advanced technologies, one will be able to transform 
the materials' strength and stiffness towards lightness and transparency.
Lately scientists have been engaged creating new material properties by changing the 
atomic or molecular configuration of matter. The search for and the manipulation of the 
ultimate components of matter has revealed that the behaviour of the sub-microscopic 
building blocks of matter (electrons, protons, nucleus and neutrons) also underlies the 
various kinds of energy, including the potent nuclear energy, which is released when 
certain nuclei are split.
Material technology and energy intensity bear a certain relationship to environmental 
degradation. The oppressive milieu of modem city-centres associated with the density of 
population and energy consumption has eventuated in popular movements, endorsing the 
conservation philosophy, suggesting that there are natural limits to the extent and amount 
of growth and material wealth (this will be discussed chapter 4).
Based on the physical and chemical properties of the new materials, modem architects 
have enthusiastically shifted their focus away from the solid, heavy presence of the 
building, in favour of weightless forms. This has created less bulky, more technological 
and so far, more energy-intensive buildings. The predominant emphasis has been on 
material supremacy and on information obtained by scientific methods. These have led to 
impressive advantages in certain ways of designing and using buildings.
From this standpoint, two main breakthroughs in information prepared the way for the development of 
modem buildings, refined comfort standards and conveniences that they encompass. The first relates to the 
knowledge of nature's ultimate elements, from hydrogen to uranium (as proposed by Antoine Lavoisier, 
John Dalton and Dmitri Mendeleyev's table of matter elements). The other was the realisation that a vast 
unified manifestation of energy exists in the cosmos; the gravitational forces, the electromagnetic 
spectrum (from electrical household current, radio and television waves, the visible spectrum of visible 
colours and onto cosmic rays). From these fundamental discoveries about matter and energy, there 
followed the prevailing quest for innovative applications and increasingly complex uses of these factors 
which so strongly distinguish the buildings produced today.
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1. 2. 3 - Energy - h o m o  e n e r g e t ic u s
Energy is the most essential factor of life. Without it, change is impracticable, matter 
cannot be moved or transformed; ultimately, nothing can be done. Man is not only an 
energy-sensitive creature but also a chemical-thermal and mechanical energy mechanism 
0homo energeticus). Humans need a continuous supply of energy for their survival and 
energy is invariably spent whatever activity is performed.
In physics, energy is defined as capacity for doing work. William Blake (quoted in 
Merril 1978) said, "Energy is eternal delight". Energy is described in many ways and no 
one seems to define it completely. It appears in a variety of forms (light, heat, electricity, 
sound, gravitational attractions, chemical and nuclear energy or the energy of a moving 
object). Energy is involved in any change in physical relationship (form, place, etc.).
Energy and matter are interconvertible, Einstein pointed out that energy is equal to the 
mass of matter (converted) multiplied by the velocity of light squared. As Foley (1976, 
p.17) suggests, it is this last which enables it to be said that energy is everything, the 
ultimate essence of the universe.
All forms of energy have a principle of 'flow' in them. Energy use changes it from lower 
to higher levels of entropy, electricity moves from higher to lower voltages, heat flows 
from hot to cold substances, electrons move from unstable to more stable elements, etc.. 
Not only are all forms of energy interchangeable, but, as Einstein proposed, energy and 
matter are also interconvertible too.
Energy grows food and keeps people alive (see section 2.3). It transports people and 
goods, fuels machines and sustains economic systems. Energy availability determines 
what people can do and influences how they do it, this means that energy availability sets 
limits and therefore influences choice.
Energy is embodied in manufactured building materials, and it is consumed in building 
construction processes; in the day-to-day operation of buildings and in their maintenance. 
Throughout their operation buildings do not consume energy, people do. Energy is used 
in architecture for a multitude of purposes; for the extraction of its raw materials, 
production, transport and assemblage of components; for climatic modification; for 
lighting, communication, water heating, cooking, transportation (lifts, escalators), and 
for running an extensive list of gadgets and appliances. Humans are great users of energy 
and very sensitive to its manifestations.
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People need and use energy for everything they do. They feel it through the senses of 
vision, hearing, thermal, etc.. People's myriad of activities, as well as their food and 
clothes are greatly influenced by an energy background (generally illustrated by the 
prevailing weather, a state of the global energy pattern at a given time).
Cottrell (1955, p.4) says that even the most elementary knowledge of physiology and of 
thermodynamics makes it clear that humans can only exist where they are able to replace 
the energy which they use up in the process of living. People must regularly be in control 
of energy equal to or in excess of this minimum. A permanent deficit makes life just 
impossible.
Solid, liquid and gaseous fuels are most readily obtained from forms of stored solar 
energy; the organic matter produced, photosynthetically, by green plants (see section 
2.3). When plants absorb sunlight, the light-driven photosynthetic system uses part of 
the absorbed energy to convert carbon dioxide, water, and other inorganic constituents 
into organic compounds. This is the origin of all natural organic matter in the tissues of 
plants and animals. These materials represent trapped solar energy, which can be released 
and used, for example, by burning them (the use of fire will be discussed in section 2.2).
The development of the built environment is conformed with the increasing usage and 
control of energy flows and stock. As basic resources, matter, energy and information 
are embodied in all building materials and components. Obvious as well as subtle energy 
controlling devices and techniques are embedded in all buildings, regardless of their 
degree of sophistication or geographical position.
The realisation that buildings, among other functions, operate as energy modulators is a 
critical one; it substantiates the concept that each building reflects, absorbs, converts and 
transmits the various electromagnetic wavelengths coming from the solar radiation or 
from the surrounding environment, in order to make people experience inside a sense of 
well-being superior to that of outside. Very often this is complemented with fire, 
mechanical energy or electricity.
The evolution of the art and science of building has been sustained by a considerable 
increase in energy use; from the initial dispersed natural low-yield sources of energies 
(plant life and draft animals), available to relatively small groups of people (section 2.3), 
to modem reservoirs of intensive chemical energy (fossil fuels), controlled by few 
groups (large corporations) supplying to large numbers of people. This thesis traces 
these main steps in man's use of energy and relates them, more specifically, to the 
development of the discipline of Bioclimatic Design.
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People inside buildings always require some form of energy. Modem buildings often 
provide: mechanical power for elevators, mechanical power for fans, mechanical power 
or steam for refrigeration, mechanical power for industrial use, heat for hot water, heat 
for space heating, heat for industrial use, electrical power for lighting and 
communications, electrical power for small appliances, etc..
But it is not only these traditional energy usages that count for the total expenditure of 
energy in buildings. There are also the hidden uses embodied in the materials of which 
buildings are constmcted, these include: the energy expended in their extraction, 
production, manufacture and transportation; and the energy used in construction, 
maintenance and refurbishment of the building.
In the past, energy as an issue, did not affect the design of buildings significantly. 
Simply stated, the concept of energy was unknown. There was insufficient data about its 
properties, therefore the many routines which could assist the integration of energy 
considerations into the design process were simply indistinguishable (see chapter 3). 
Energy now is a unifying concept, it brings together previously unconnected phenomena, 
eg. fire, heat, muscular effort, animal work, wind and water as motive power, etc..
Historically, the only aspects of space planning which were affected by energy were the 
disposition of rooms for daylighting and ventilation, the storage of biomass (wood), the 
hearth, fireplace, chimney, flues, etc.. Energy as such was not a problem - health and 
comfort were more important issues. The concept of energy as something linked to all 
aspects of human comfort and well-being in the built environment was not sufficiently 
developed nor appreciated until the 1950s.
Concern with energy in architecture, even after the recent scientific expansion, has 
always been more focused on the day-to-day operation of buildings rather than on the 
long-term effects of design of their external envelope and internal planning.
Bioclimatic Design lays a major emphasis on the building envelope, undoubtedly it acts 
as the principal agent of environmental control (temperature, solar heat gain, daylight, 
natural ventilation, noise) in conventional buildings.
Nowadays, in the early stages of the design of a building and its services, it becomes 
necessary to recognise the forms of energy which will be used; their locations in the 
building and the importance of each in the overall scheme. This is vital because each 
energy-using item requires some provision for power or fuel supply and control, and 
possibly space for plant-rooms and waste disposal. Associated with these is the capital
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cost of installation and associated building works (plant rooms, ducts, cables etc); 
maintenance, fuel costs, labour costs involved in operation and replacement cost, etc..
Many recent studies have investigated the correlation between energy systems and spatial 
structures at all levels of resolution, from local to regional scale (Knowles 1974; Odell 
1977; Beaumont and Keys 1982; Owens 1986). The pattern of development of buildings 
and cities mirrors the availability and type of the materials and energy used just as much 
as it reflects the cultural values and living habits of each society. The links between 
energy and spatial structure, and the case for including energy consideration in design 
has only been a subject of research and of considerable interest to designers subsequent 
to the energy crisis of 1973 (see chapter 4).
The living patterns and physical infrastructure developed in human settlements have been 
in many ways conformed by the availability of energy. Ward and Dubos (1972, p.42) 
point out that the two-thirds of the world's people who live in developing lands consume 
nearly eight times less energy per capita than do citizens in richer lands.
Van Til (1979, p.321) proposes that: "The shape of the future metropolis may take a 
form determined almost entirely by energy availability: values and preferences may 
become submerged to necessity as our resource options disappear." Bouma, Tucker and 
Brotchie (1995) recommend that the plan of cities should be more robust under the 
possible future of reduced energy use; higher densities for urban residential areas, multi- 
centred cities with a balance of homes and jobs at local level, high quality 
telecommunications network, and public transport between centres are strategies that 
could better adjust cities to lower energy use futures.
Enthusiasts of Bioclimatic Design can be criticised for falling into the trap of 'energy 
determinism’. Owens (1986, p.2) points out that it would be inflexible to suggest that 
energy innovation caused all the major social changes leading to urbanisation and 
industrialisation, but she recognises that it has undoubtedly been a necessary factor. She 
refers to the profound influences that energy had exerted on the location and direction of 
urban development during the twentieth century. Transport technologies and energy 
supply networks increased personal mobility, released industry from locational 
constraints and provided the fundamental permitting factors for urban growth to spread 
radially and at decreasing densities.
Foley (1976, p. 19) points out that the size and shape of cities clearly demonstrate the 
amount of energy a society has at its disposal. He maintains that the older cities had a 
human scale, were small and compact because that was how they could work with the 
amounts of energy available to them at the time.
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He suggests (p. 20) that as late as 1830, the London villages were being supplied with 
food carried in on carts or on the back of animals or even by people from the fields 
around them. "The size of a town and its supportable population was, even then, 
governed by such factors as how far one could make a cow or a goose walk, and the 
length of time food would remain edible as it was being transported." Now, the energy 
of petroleum has removed most of these limitations. Food can be carried long distances 
by air, road or rail in a single day. Ships make the food-producing areas of the world 
accessible to everyone and refrigerated storage eliminates the problem of food decay.
With the development of new sources of energy, improved vehicles could transport 
energy and matter to supplement that produced locally. Owens (1986, p.24) asserts that 
the two most important ways in which spatial structure and energy systems are related are 
through travel and transport requirements and through energy use in buildings, mainly 
for space heating or cooling.
Electricity, as yet the easiest of all forms of energy to transmit and control, is the most 
reasonable form for the provision of lighting. It is very versatile, convenient and effective 
for a great variety of uses; it requires only a pair of wires, and the control is just a simple 
switch. It is difficult to imagine a modem building without electric power.
It is therefore usually taken for granted that a building will be connected to the local 
electrical supply system, although sometimes a system of on-site generation of electricity 
can be considered as an alternative. Some spaces may be required for switchboards and 
ducting for the wires, but this has much less effect on the design of the building than 
most of the other forms of building services. It is also important to provide an emergency 
generator to power the essential services in case of a power failure.
Energy flows into buildings and is converted into various forms (light, heat, sound, 
kinetic, etc.). In making use of the energy that is needed, say, to drive an escalator or 
light a lamp, that energy changes from one form to another. It finally flows out of the 
building and is dissipated (normally as heat) to the external environment.
It should be stressed that it is not only the availability, but the nature of the energy source 
which is being used, and the way in which this source is used and distributed that will 
cause some repercussions on building design; an electrified building relying entirely on a 
centralised generation of electricity would be subject to very different spatial and 
functional restrictions from that of a building which uses biomass or human labour to 
meet its energy needs.
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Energy supplies, in forms useful to society, are very unevenly distributed throughout this 
planet. Some nations have abundant arable land; some have little. Some have great rivers 
whose flows can provide hydroelectricity; some have few. Some have immense pools of 
petroleum, some have none. The geographical distribution of the end use of energy is 
also greatly unequal.
The political economy of energy use, as Earl Cook (1971) calculates, is such that the 
industrial regions, with 30 per cent of the world's people, consume 80 per cent of the 
world's energy generated each year. More strikingly, the United States, with 6 per cent 
of the people, consumes 35 per cent of the world's energy.
Owens (1986, p.81) asserts that positive steps have been taken to integrate energy 
considerations into the planning process. Examples are California, Portland (Oregon), in 
the USA, England and Denmark. Some country planning authorities have even produced 
'energy-conscious' structure plans.
Milton Keynes, in the UK, was originally planned as a new city with provision for 100 
percent car ownership - a low-density city (average of fifteen houses per hectare). During 
the early 1970s it incorporated and promoted energy efficiency in a number of ways, 
including; planning and site design, building design, material specification, insulation, 
efficient appliances, a range of energy management services, and the provision of 
information and advice. It now provides an almost unique example of energy-integrated 
planning for a real area on a large scale. A major part of the energy saving is clearly 
intended to come from energy management, and particularly from the use of innovative 
controls based on information technology.
Because the use of energy in architecture is determined by a multitude of factors, it can be 
reduced by so many kinds of conservation measures, that an exact method of analysis is 
always a complex one. At the micro-scale the relationship between energy and the 
building is relatively well ascertainable; one can identify which built forms are most 
energy efficient, and how siting, orientation, colour and the physical structure of 
buildings affect the prospects for energy use. (Some, not all, of the design strategies for 
energy efficiency can be achieved without significant additional cost or loss of amenity).
At the macro-scale this relationship is not so easily definable. Energy constraints may 
take many different forms related to the price of fuel and its physical availability 
(shortage) and also to the source of energy and its distribution system. Different types of 
constraints may have very different implications for architecture. The fact is that, as yet, 
very little is known about the nature of response to different kinds of energy shortages or
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about its eventual impact on architecture. Van Til (1979) looks at the implications of 
energy shortfall for urban planning:
...it is quite unlikely that any effort to reshape settlement patterns to accommodate energy shortfall 
will be undertaken....without a strong planned commitment to guide the process of concentration, 
under conditions of shortfall it is likely that inequalities between citizens will be exacerbated, elites 
will monopolise access to energy for their own personal use, and levels of social tension and 
disruption will rise...to intolerable levels.
He foresees that:
...In the event of energy shortfall, we shall have to rely primarily on the stock of shells we have in 
existence for our basic residential, commercial, and industrial needs. Policy makers will seek to 
maximise the usage of existing shells, and will approve construction of new ones only on a modest 
basis, placing a higher priority on energy conservation than on extensive reconstruction.
Owens (1986, p . l l )  speculates that if energy constraints become particularly severe, the 
larger urban areas may not be viable, since urbanisation itself is arguably a phenomenon 
related to energy availability. Indeed, she asserts, Schum acher and many 
environmentalists have argued that decentralisation and a return to or maintenance of 
small 'place-bounded' communities is the only way in which society will be able to live 
within an increasingly constrained resource budget.
One of the effects of the energy crisis in 1973 was the general acknowledgment of the 
role of energy in human affairs. Through studies of energy flows in human, animal and 
plant communities, energy began to be seen as a possible limiting resource in the 
development, or even the continuation, of human society. This idea was strongly 
supported by the publication of the Club of Rome's first report The Limits o f Growth by 
Meadows et al (1972).
1. 2. 4 - Information
'Information,' physically speaking, can be considered the property of matter and energy 
that has to do with its degree of order, utility or lack of randomness (Quastler 1955). It is 
the property which provides the basis for organised systems and structures for 'non- 
random' and purposeful behaviour, and for communication.
Human beings are sophisticated biological information processing systems. People 
receive information from the environment, they decode, react, organise and store it, and 
often impose a meaning on all external events. Elsewhere it has been mentioned that the 
prediction and control purpose of architecture is fundamental in order to bring about 
meaning and coherence on the sensory world.
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The organs of special sense (eyes, ears, the olfactory organs, the taste organs and the 
special organs within the skin and inside the body which provide for the senses of touch, 
pain, temperature, pressure, position in space and acceleration) represent the interface 
between people and their environment. They are primarily concerned with the acquisition 
of information from the environment. These organs are closely coupled with the central 
nervous system. This arrangement makes it possible for the human organism to use the 
information acquired from the sense organs to draw inferences about those aspects of the 
environment which do not impinge upon it directly, but are distant from it in time and 
place, and also makes it possible for the organism to organise adaptative responses to the 
environment which involve the entire human system.
Probably, the largest number and variety of interactions between people and the 
environment are based upon interchanges of information, most of which are channelled 
by various forms of energy (sound, light, heat). Reaction to this stimulation is based 
upon the meaning of the information to them. People react to most of their environment, 
in terms of gross quantitative interchanges of matter and energy with it; food, water, air, 
clothing and shelter are extremely important features of the human environment.
The interchange of information is essential to the maintenance of human life. The 
information processing that goes on within the human organs may be looked upon as 
largely incidental to the transfer or flow of matter and energy that are the primary 
activities of those interfaces between the human organism and its environment. 
Information interchanges with all aspects of the environment involve reactions and these 
reactions are based upon the significance of the information, which can be seriously 
modified by past experiences.
The word 'information'* has many meanings and uses; here it encompasses the totality 
of man's ways of using matter and energy in designing, building, operating and 
maintaining spatial structures. In architecture, information comprises the general issues 
of meaning, adaptability, culture, inventiveness and capacity. It reveals how humans 
compose their buildings in response to constraints or prodigality posed by the existing 
flow of matter and energy.
Throughout the long process of civilisation, people observed what was meaningful, 
relevant and effective, they developed criteria with which to judge outcomes. Information 
regards the assortment of man's living, built up by a human group and transmitted from 
one generation or group to another.
j|c
Within the context of this work, an attempt is made to maintain a consistent distinction between 
information and knowldege. Unfortunately, no such clear distinction is upheld by the sources from which 
references were taken. In general terms, although dictionaries overlap, knowledge can be seen as 
internalised information. By extension, knowledge can be seen as information assimilated within a 
profession, whether or not by the individual practitioner.
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Urban people live and work inside buildings, they spend much of their time utilising 
complex tools and other artefacts of human society (Lang et al. 1974). Man is also a 
social animal playing complex social roles and following elaborate rules governing 
interpersonal relationships. Other people are among the most meaningful features of the 
human environment. Learned behaviour, which is directed toward maintaining a man's 
relationship with other people around him, and toward maintaining his position in the 
social group, can account for a major portion of man's reactions to his environment.
The primitive hut (section 2.1) will show that man was a subject who, to some extent, 
could create his own environment, his own controlled universe. In such a situation, he 
could rest, regain energy, and confer meaning to his own actions. By acting upon raw 
matter, ingraining information, values and sentiment through changes in form and shape, 
man exalted the useful properties of matter.
For some authors the definition of technology correlates information with energy. Snyder 
(1984, p.82), for instance, understands technology to mean mental effort (applying 
objective information) to save physical effort (energy).
At all individual, political and social levels, information controls the flow of matter and 
energy. In almost all civilised cultures, there has prevailed a major distinction (social, 
cultural and sometimes economical differentiation) between those who worked with their 
hands (trading animate energy), no matter how expertly, and those who worked with 
information (the intelligentsia, politicians, administrators, etc.). The latter have invariably 
dominated and influenced the control over the flow of matter, energy and information. 
The hierarchy of income can be directly related to a hierarchy of information.
The fabric of the built environment often reflects and becomes a physical evidence of this 
dichotomy. Rodger (1979) points out that our dependence on the present pattern of fuels 
and related resources, and the impediments to more appropriate, more responsible, and 
more equitable economic and social structures do not differ from the inequities and social 
inefficiencies associated with all processes of resource use. And all are based on 
differential access to information.
Most modem building materials and components are highly organised inorganic materials 
with a considerable information content. They are invented, designed, tested, developed 
and perfected by use and manufacture and involve complex information processing for 
their fabrication, specification, packaging, marketing and assemblage.
Information is embodied in all manufactured building materials, and its embodiment in 
the built environment refers to the application and consolidation of all cultural, scientific
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and technological data and values in the production and configuration of man-made 
structures. It is often a function of policies, ideals, interests, expectations, beliefs, 
attitudes, performance criteria, standards, guidelines, conventions, licences, norms, 
regulations, laws, etc. within which designers are expected to comply.
People have the capacity to formulate, memorise, acquire experience, and put ethics and 
values to what they do. This postulate, in the context of the current social and 
environmental domains of matter and energy use, indicates that one necessary ethical step 
to be considered (see chapter 4) is to understand people as belonging to one animal 
species, confined to this finite planet with its fragile biosphere.
Institutional mechanisms are being introduced in many countries to reinforce valid 
methods of achieving practical and sustainable outcomes. Public opinion and non­
governmental organisations are leading the course of action, and governments are being 
dragged to form an interlocked barrier. People and 'green' organisations are now very 
attentive to any immoderation to the natural environment.
Certain aspects of information in Bioclimatic Design are catered for in building codes, 
health codes, zoning ordinances, etc. More detailed information is available in technical 
handbooks, catalogues of building materials and components, standard-setting bodies, 
labour union-controlled methods of working, industry associations, architectural and 
engineering schools, research centres and professional societies. Contributions are also 
being made by writers and critics who have identified themselves with the new spirit in 
building design, and, of course, the practising architects.
Buildings can be considered works of craft and art. Among other purposes, they are 
designed and built to give evidence of the technical know-how and culture of their time 
and place. It is apparent that human settlements could not be built and maintained without 
some form of coordinated flow of information (controlled by social, cultural, economic, 
and political organisations). Building structures have survived under a variety of 
political, social, cultural and economic systems; and historically each has left quite unique 
imprints and characteristics on the architecture they build.
Information in architecture* can also be concerned with aesthetic and technical rightness 
and appropriateness, it can be about the structural and environmental characteristics of 
materials, or about users requirements. It is not merely subjective, nor is it something
In a study done (Broadbent, 1973, p.205) to analyse the percentages of time spent in various activities 
by a young job architect, it is shown that almost his entire working day (45%) is spent in tasks which 
may be described under the heading of communication and information. Thinking accounts for 9.5%, 
drawing and related activities for 33.4% and miscellaneous 12.1%.
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made exclusively by someone, it rather stems from the accumulated wisdom, accepted 
values, norms and regulations, culture and available technology.
Regional, vernacular architecture (see section 4.1) materialises tried and popular 
materials, methods of construction and building forms determined pragmatically. They 
become widely adopted because they are recognised to work in terms of their material 
and environmental attributes. People comprehend what to anticipate from regional 
architecture, because they have accumulated experience of its environmental 
performance, costs and so on. They know that it complies with the prevailing flux of 
matter, energy and information; to be constructed, used and maintained.
Viollet-le-Duc in the preface of his Dictionnaire (in Collins 1967, p.162) wrote: “The life 
of a man is not long enough to allow any architect to absorb the totality of a task which is 
both intellectual and material, an architect can only form part of a whole; he begins what 
others will finish, or finishes what others have begun, but he cannot work in isolation, 
for his work is not his own personal achievement, like a painting or a poem.”
Probably because of the strong influence of the Ecole des Beaux Arts' formalistic and 
superficial tradition in architectural education (see section 3.1), architects have never been 
too actively involved in problems associated with the generation, dissemination, 
collection, storage and use of relevant factual information. They always relied on some 
form of support from contributors (such as Building Research Establishments) and 
distributors of information (Professional Institutions, technical journals, etc.).
Likewise, because architectural education has always given priority to presentation, 
rather than to content, the profession generally adopted a passive attitude towards 
information. They can classify, retrieve, use and apply information that has been 
originated elsewhere, but they rarely generate it themselves.
Architects have generally been seen to stand hesitant of highly technical prospects and 
therefore they tend to veil the issue of providing a scientific basis to architectural design. 
Norberg-Schultz (1963) writes that architects have shown themselves rather unwilling to 
work out a theoretical basis for their field, mostly because of the prejudice that theory 
kills the creative faculty.
Since the Industrial Revolution science and technology developed at such pace and 
magnitude that the traditional architectural education rapidly became out-moded. As one 
of the participants in the General Conference of Architects held in London in 1871 
remarked (in Cole and Cooper 1988): "Science has made such progress that, without
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theoretical training, office routine is utterly unable to keep up with it, and the five orders 
no longer suffice for the architect's wants."
The Oxford Conference on architectural education held in 1958 represents a turning 
point. Llewellyn Davis (1958) presented a paper in this conference, where he agues that 
"knowledge is the raw material for design". He says that knowledge is not a substitute 
for architectural imagination, but it is necessary for the effective exercise of imagination 
and skill in design. "Inadequate knowledge handicaps and trammels the architect, limits 
the achievements of even the most creative and depresses the general level of design."
Chapter 2 will discuss important evolutionary steps in the continuous process of 
'domesticating' existing resources in order to acclimatise man to the weather fluctuations 
or to new territories (as people migrated to inhospitable climates). Some of them depicted 
basic conditions of survival, and some provided the setting for a great variety of skills 
and techniques. The occupation of new territories forced man toward an ever-more 
encompassing interpretation of his environmental situation.
Knowledge has the power to influence the way people think about the world. Freidson 
(1986, p.2) asserts that knowledge is intrinsic to human culture, embracing the facts 
believed to compose the world, the proper methods or techniques by which to cope with 
them in order to gain a particular end, the attitudes or orientations that are appropriate to 
adopt, and the ideas or theories by which one makes sense of facts, methods, and 
attitudes, explaining and legitimising them. For him, all human beings everywhere may 
be said to have some sort of knowledge.
Information does determine design decisions at all levels, from the largest scale of the 
problem; in its national and international manifestations to the smallest details in its 
execution - the size of buildings and the kind of cladding.
Architects should naturally be the custodians of all knowledge and information about 
architecture. Modem architecture is very dependent on information on scientific research 
and development (R&D), on highly-engineered products and equipment. The current 
reliance of buildings on sophisticated machines and computers is a really striking feature 
of the increasing role of energy and information in architecture.
Information is getting deeply embedded in buildings. The major influence of computers 
in architecture seems not to come from the advancement of CAD (computer aided design) 
or other visualisation tools, but from the distribution of intelligence into the very fabric of 
buildings and the equipment and objects contained within.
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The subtle and dominant message pertaining to most processes affected and engendered 
by modem capitalist societies is one about the expectation that a better life or a better 
future can only be attained if people consume more matter and energy. The typical 
comfort and conveniences provided by inefficient energy-hungry city blocks (which rely 
on mechanical services and installations) have led many people to take unconstrained 
supplies of energy for granted. Few of them realise the complexity, the capital and 
environmental costs associated with them.
Having so much energy at their will, people and buildings remain exigent and onerous to 
be provided for and to operate. In this insatiable demand, the built environment has an 
important role in exhausting the resources of this planet.
People cannot easily imagine differently, it would be certainly a precarious situation. 
Without a continuous supply of energy, in the form of fossil fuel and electricity, people 
probably could not even access their homes and offices in tall buildings; obtain their 
essentials, such as adequate food, water, power or heat. Energy shortage or 
technological failures, in the form of mechanical breakdown, for example, have shown to 
cause serious repercussions in the functions and use of a building.
Lack of energy and technological breakdowns can affect a building's ability to provide 
the biological requirements of its users. Power failures are a case in point. Populations 
can be cut off from various services, such as heating, air conditioning, and light, and 
depending on the season this can mean many deaths or casualties*.
Some decades ago, the loss of air conditioning would have been a nuisance, entailing 
few serious problems. Now it can be a critical occurrence; many residential, health care 
and office buildings are designed and constructed so that it is impossible to obtain natural 
ventilation when the air conditioning equipment shuts off; because buildings are made out 
of lightweight materials, they become heat traps. Lack of proper amenities or power 
failures during a heat wave or in cold winter can actually threaten the lives of people.
People are all bathed in a shower of signals from the built environment (visual, auditory, 
tactile, etc.). Previous information can determine the way they experience architecture. In 
buildings most of these come in routine, repetitive patterns, (architecture as the art of 
manipulating materials to ensure order and predicability).
* Peter Wilson (The Weekend Australian July 22-23,1995 - 14) reports the heatwave that has notched up 
a death toll of up to 1000 Americans during the previous week. Chicago had the highest toll - 456. It is 
reported that at least 16 of Chicago's 42 hospitals were full during the critical week where temperatures 
lingered near 38°C. The Mayor of the Chicago slammed executives of the regional power company for 
failing to report accurately on a power failure that stilled cooling in parts of the city. As the company 
claimed power was about to be restored, people believed that airconditioners and fans would soon be 
whirring again, leading many to wait, rather than seek help.
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Toffler (1970, p.297) suggests that when something changes within the range of our 
senses, the pattern of signals pouring through our sensory channels into our nervous 
system is modified. The routine, repetitive patterns are interrupted - and to this 
interruption people respond in a particularly sharp way. He writes:
Significantly, when some new set of stimuli hits us, both body and brain know almost instantly that 
they are new. The change in stimuli triggers what experimental psychologists call an 'orientation 
response'. The orientation response is a complex, even massive bodily operation. The pupils of the 
eyes dilate. Photochemical changes occur in the retina. Our hearing becomes momentarily more acute. 
We involuntarily use our muscles to direct our sense organs toward the incoming stimuli - we lean 
toward the sound. We move head and eyes to see... There are changes in our pattern of brain waves, 
our fingers and toes grow cold as the veins and arteries in them constrict. Our palms sweat. Blood 
rushes to the head. Our breathing and heart rate alter.
Under certain circumstances, even when people are unaware of what is going on, these 
changes take place every time they perceive novelty in their environment. The Russian 
scientist E.N. Sokolov has put forward the most comprehensive explanation of how the 
orientation response (OR) works, suggesting that neural cells in the brain store 
information about the intensity, duration, quality, and sequence of incoming stimuli. 
(Toffler 1970). When new stimuli arrive, these are matched against the 'neural models' 
in the cortex. If novel stimuli do not match any existing neural model, then the orientation 
response takes place.
Toffler (p.298) notes that in this way, the level of novelty in the surrounding 
environment has direct physical consequences. It is vital to recognise that the orientation 
response is not an unusual affair. It takes place in most people literally thousands of 
times in the course of a single day. The whole body gets involved. And when one 
increases novelty in the environment, one experiences continual ORs with it. This is 
certainly very stressful for the body.
Seyle (quoted in Auliciems 1972) correlates this response to energy "...adaptation to any 
stimulus is acquired at the cost of adaptation energy of which the organism possesses 
only a limited amount so that its use for adaptation to a certain stimulus of necessity 
involves a decrease for the use in resistance to other stimuli."
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Summary chapter 1
Chapter 1 aimed at establishing a useful framework and a particular view for this thesis, 
based on the recognition of some fundamental predicaments (more specifically, matter, 
energy and information) as the ultimate components of architecture. It is argued that their 
flow and availability can impose effective influences on the architect’s prospects, 
decisions, choices and intentions.
This framework is not about setting deterministic rules or specific character-inducers in 
architecture. It tries to depict the complex order of interactions between people, buildings 
and the environment through considering the synthesis of the aggregate variables and 
their effects. Through the ultimate reduction of all variables to their elementals, this 
framework helps to create a better understanding of the main determinants of the 
architecture of a place. For this to work, the factors (matter, energy and information) are 
not to be treated as independent components, but integrated; they represent important 
permissive factors which can delineate the boundaries of the designer's freedom.
With the realisation that energy is a key factor to architecture; Bioclimatic Design issues 
such as human comfort, health and well-being can be deemed to have a more meaningful 
place in design. This can be already realised by the number of research done in the field, 
by the late appearance of related complex machinery and installations, and the appearance 
of high energy-using buildings, which feature an unprecedented capacity to both control 
and transform their internal environment to satisfy users' physiological needs.
It must be repeated that such framework is extremely simple and yet, effective. It can 
extend its range and both incorporate and scrutinise the multitude of sub-factors which 
contribute to make up each of the above three constituents. Each has numerous and 
important sub-factors which can be divided and classified by common characteristics.
This framework has a predictive value, not a deterministic one. The interdependent flow 
of matter, energy and information does not occur according to the laws of physics only, it 
does not happen merely in conformity to the laws of economics. It is basically and 
concurrently a social, political and environmental orchestration. Architecture is 
understood as a feature and process of both the physical and cultural environments; it is 
made of resources (matter and energy), subject to the work of physical processes; and it 
is largely a cultural product.
One can characterise the buildings produced by a given community by its peculiar flow of 
matter, energy and information. The flow and availability of these three factors tend to
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cast buildings in an invisible mould that corresponds with what the client demands, what 
is affordable, what is available, what the architect can offer, etc..
Architecture, throughout all its various production phases and stages, both in time and 
space, has been greatly influenced by the availability of resources (matter, energy and 
information) as well as by the way in which these resources are distributed and utilised. 
In a larger scale, the built environment, together with its associated support and 
manufacturing processes (some existing outside the urban boundaries), can be regarded 
as a system which has an input of matter and energy, some cycling of matter and flow of 
energy within it, and an output of matter, energy and information into the surroundings.
The process of civilisation, architecture included, is dynamic and it moves on the basis of 
rational proceedings; of ample recognition of the usefulness of knowledge, innovation, 
techniques, tools and products that can deliver the same function or utility with less 
resources. Historically, architecture at all scales, each building or monument, from the 
pyramids of Egypt to the Sydney Opera House, stand as a concrete example of the 
matter, energy and information resources available to a society. They are generally 
considered in terms of manpower, materials and technology.
This chapter tried to demonstrate that important categories of values, factors and elements 
can be logically grouped. One advantage of doing this is to include the vast range of 
topics (in a balanced, objective, integral way) to the practice and training of architecture. 
To explain the need to integrate all factors, an analogy can be made with a botanist who is 
examining a leaf of a given plant. If he pulls that leaf out of the branch, he will be able to 
study more closely some of its aspects (morphology, structure, tissue, etc.) in a 
prepared, more convenient situation, such as a in a specialised laboratory. However, 
having cut the leaf off from its inherent context, he will not be able to observe the 
fundamental dynamic processes of life, even with the aid of the most advanced devices.
Energy is certainly the factor which is most associated to life and all its processes. The 
traditional theory of architecture did not take into account energy nor the web of life 
interdependency. Conveniently, designers tend to veil all those ways that design 
decisions have an impact on other people or on the environment, even when they are not 
directly dealing with them.
From this particular viewpoint might emerge a sound understanding of the ways in which 
the built environment is configured. Such an improved understanding may help resolve 
certain conflicts believed to exist among the goals of improving the standards of 
architecture, improving the quality of the environment, improving living standards and 
yet conserving scarce natural resources.
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Chapter 2 - Some antecedents
2. 0 - Introduction
This chapter will argue that fundamental ideas influencing Bioclimatic Design can be 
traced as far back as to the origins of architecture. However, in regard to events long 
past, the genesis of an idea can hardly be determined with exactitude. It is well known 
that the diffuse and gradual advancement of Bioclimatic Design ideas result from the 
cumulative impulse of numerous anonymous people who lived and worked long ago 
(Rapoport 1969; Cowan 1977a; Butti and Perlin 1981). Possibly the contributions they 
made were largely disregarded by their contemporaries, but they have had their influence 
in the world of practical affairs and indoor comfort. The implementation of their visions 
came often in very different places, in very different circumstances, and through different 
mechanisms, from those originally envisaged.
In studying any one aspect of architecture historically there is always the difficulty of 
deciding how much background one needs to include. Gottfried Semper in the 
introduction to his Comparative Building Theory (in Herrmann 1984, p.196) suggests: 
"Any discourse should first go back to the simple origin of the subject under review, 
trace its gradual development and explain exceptions and variations by comparing them 
with the original state." Obviously, it would be ideal here to come down to the very 
beginning of human shelter. However, lacking ordinary types of documentation, 
authentication has to rely, to a large extent, on inference and deduction, reasoning and 
informed common sense.
This chapter is an overview of influential developments in the built environment, 
regarding the use of energy and the implication to Bioclimatic Design. It discusses the 
nature of those events and presents assumptions in building and architectural expertise 
that have led, directly or indirectly, to a consistent approach to architectural design based 
upon the consideration of the physiological needs of human beings and the energies of 
the natural environment, which has been termed ‘Bioclimatic Design.’
Throughout history, technological changes have immediately or subsequently affected the 
evolution of indoor comfort and the standard of living. The main evolutionary steps of 
those changes are traced and examined in this chapter, demonstrating that the 
development of the idea of this discipline can be divided into two major phases: all the 
developments leading up to its formal systematisation with the publication of the 
Olgyay’s book Design with Climate: bioclimatic approach to architectural regionalism, 
and then the derivation from there.
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This chapter, or rather this thesis is not concerned with architectural history per se, it is 
not primarily interested in specific inventions, personalities or dates. It aims to 
understand the evolution of the environmental control ideas and devices, urged by major 
occasions concerning man's control over the flow of energy.
The reasons for studying the development of Bioclimatic Design in an historical context 
should be considered. Research often works in response to the conditions researchers 
find themselves in, and in particular to the problems that they confront in their own time. 
A definite point of view has been established and this has been the starting point of this 
chapter. The view-point is in the present, looking back at the past. What is essential in 
this historical study, is to analyse what is relevant and re-interpret it in terms of its 
pertinence to Bioclimatic Design.
In face of the vast panorama of space and time that unfolds the human experience of 
architecture, an attempt has been made in chapter 1 to structure this research and narrow 
its scope to the key underlying factors of the phenomenon under study.
The actual benefit in studying this subject historically lies in the possibility of identifying 
the complexity and vicissitudes of the human actions and reactions to the natural energies 
of the environment. A useful purpose of this approach is the ability to understand the 
various ways in which broad impelling factors are related to certain particular responses 
in architecture. This can allow a better interpretation of the intricacy and overlapping of 
indirectly related historical events and conditions, and at the same time the recognition of 
those factors in architectural design that tend to be more constant and ubiquitous and 
those which change with circumstances (as discussed in chapter 1).
With reference to evident implications for the development of Bioclimatic Design, the 
following main phases of energy use are identified: hunting and food gathering (dispersed 
sources); the use of fire (conversion of organic, chemical energy into light and heat); the 
Agricultural and lastly the Industrial Revolutions.
The following account of the stages of evolution of human control and manipulation of 
energy sources is not intended to pass as history. Although it is based upon historical, 
archaeological and anthropological accounts, it is actually a succinct arrangement of the 
inferences that follow from the set of assumptions introduced initially in chapter 1.
76
CHAPTER 2 -  SECTION 2.1
2. 1 - The Primitive Hut (using matter to help the body in controlling the energy 
exchange with the natural environment)
'Without a beginning or an end is the ground from which everyone originates, a part of this being the 
respective life. And this is full of inscriptions, full of elements ... which we find quite bearable at one 
moment and completely unbearable at another - and which we call time.'
Botho StrauB, The Absence of a Beginning.
It is purposeful for this work to consider the primitive hut. It represents the antecedent of 
all architecture, and its study comprises the basic physiological need for shelter which 
represents the essence of Bioclimatic Design. It also characterises the phase where the 
determination of the critical division between inside and out occurred.
The objective here is to look closely at the primary elements of architecture and consider 
the first principles, in the light of the proposed framework , when man was living in the 
most rudimentary, natural way, following innate stimuli only.
2. 1. 1 - The need for shelter
Humans have been building for a very long time; the closer one examines, the farther 
back into time one can follow the marks of human occupation. Unfortunately, as yet, 
scientific evidence of human origin has not been confirmed, all that it is available are 
various theories about it (eg. Darwin 1909; Brodrick 1948; Buettner-Janusch 1966). 
Despite the accumulating evidence of archaeologists and palaeoanthropologists, much 
remains to be discovered about the origin of the human species.
The point in going back so far is essentially to examine what one could call 'the basic 
human needs for shelter', when naked man, unassisted by the developments of 
civilisation, lived in close contact with nature and was guided by natural instinct only. 
Rykwert (1984) helps a great deal to set an edge in this historical journey by suggesting 
that there cannot have existed a first house whose authenticity archaeologists could 
certify. He observes that they (the archaeologists) could not even indicate where its site 
might have been located. To do this they would have (in the Western tradition) to find the 
Garden of Eden.
Inevitably, it seems, architecture became necessary for survival. Constant exposure to the 
natural environment tends to be a definite stressful experience. The oldest dwelling 
discovered so far, as reported by Heinrich Klotz (1991) on the excavations by H. de 
Lumley in 1966, is a shelter near Nice in France whose age is given as 400 000 years. 
The remains include the foundations consisting of stones placed in a circle, and the 
imprints of wooden poles pushed into these stones.
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Even though the primitive hut is quite a common topic found in many architects' essays 
and written works, the main interest expressed by architects in 'going back to the source' 
or else to 'the primitive hut' is, according to Rykwert (1984), a universal manifestation 
of a search for roots.
Necessity and ideas are said to be the basis of many human advancements, including 
architecture. Needs, especially the physiological ones have remained quite uniform 
throughout the centuries. Many fundamental architectural ideas come from time 
immemorial; those connected with the essential adjustments of buildings to human needs 
have a very long history. Inferences concerning those ideas can be drawn not only from 
historical evidence, from archaeological sites, but from the long tradition of architecture.
Most of the traditional art and science of building was set up without significant 
transference of imported energy, architecture has generally been based on principles of 
adaptation, conformity and diversity. The many unwritten conceptions and assumptions 
that architecture reveals were learned by human generations not from theoretical 
accounts, but from practical experience of thousands of years of trial and error.
In more recent periods of the history of architecture, the view gained ground that 
architecture as a whole was formed on the idea of its first models and that in effect the 
hut, the simplest and most natural of all buildings, had been taken as a pure model to be 
imitated. Herrmann (1985), points out that Laugier's idea of a hut is not an appropriate 
illustration of a distant past or an ancient factor of an evolutionary theory of architecture 
but the great principle from which it now becomes possible to deduce immutable laws.
Marc-Antoine Laugier, the French scholar, was probably the first architectural theorist to 
present the hut as a structure of vital importance for the present. He proposes (quoted in 
Herrmann 1985, p.48): "Let us never lose sight of our little rustic hut." He wrote this, 
aiming to distinguish between the parts and components which were essential to 
architecture and those which necessity has introduced and caprice added to them.
Le Corbusier (1965, p.21) remarks: “Architecture to-day is no longer conscious of its 
own beginnings.” And he inquires (p. 68): "Is it not true that most architects today have 
forgotten that great architecture is rooted in the very beginnings of humanity and that it is 
a direct function of human instinct ?"
According to research findings (Keith 1931; McKern and McKern 1970; N.F.Smith 
1993), humans have been living on this planet for at least 5 million years. Written history 
describes less than just a small fraction (less than one tenth of one percent) of that time. 
The first human habitation, it is generally held, was devised primarily to protect man
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against the weather. The preface of the Builder’s Dictionary, written in 1734 remarks (in 
Fitchen 1988, p.212):
Architecture is one of those arts which necessity has made universal: from the time that man first felt 
the inclemencies of the seasons, it had its beginning; and accordingly it has spread wheresoever the 
severities of the climate demanded shelter or shade: it is to be traced in the Indian’s hut and the 
Icelander’s cave; it still shews, in those barbarous parts of the globe, from what mean original it rose 
to its present glory.
Possibly because no earlier literary work has survived, architectural theory is said to have 
begun with Vitruvius (although Vitruvius himself was aware of the Greek writers' views 
on health, city planning and building, particularly the work of Aristotle, Xenophon and 
Hippocrates), excerpts of which are often repeated by writers on the classical theory of 
architecture about an archetypal wooden hut.
In his outstanding work, Vitruvius (1970) discusses the concept of the shelter against the 
elements. These elements against which shelter is required, constitute what nowadays is 
known as 'climate'. However, it should be made clear that climate is in fact an abstract 
concept, it represents the summation of all interacting atmospheric processes, and as 
such, it does not exist at any given moment. ‘Climate’ is just a single word which 
designates a very complex, dynamic and ever-changing set of natural physical 
phenomena; a consequence of the most basic driving force of nature: energy.
2. 1. 2 - The significance of an energy balance
Energy is thus a more tangible notion to deal with. It is capacity to do work; it is the 
potential to make things happen, and above all, it is the mainspring that keeps life's clock 
ticking on earth. Human life is possible on this planet because of the harmonious balance 
between the earth's absorption of solar energy and emissions of low grade thermal 
radiation. The inflow of energy is balanced by an equal outflow. If this were not to 
happen the earth would be growing hotter or colder.
The earth receives almost all its energy from the sun in the form of electromagnetic 
radiation. More energy is absorbed at the equatorial regions, between the tropics of 
Cancer and Capricorn, than in the highly reflective polar regions. Generally the equatorial 
heat tends to flow to the poles and their cooler airs are drawn back towards the centre. 
This movement is complicated by the spinning of the earth on its axis and by a variety of 
geographic features (mountains, water, deserts, etc.).
The total amount of heat absorbed by the earth each year is balanced by a corresponding 
heat loss to outer space. Because the sun warms the earth's atmosphere unevenly in
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different regions, winds are set into motion and stream over the globe, lifting moisture 
from the sea, they drop it on the land as rain or snow (Koenigsberger et al. 1974).
The series of deserts and fertile areas, tropical and temperate zones, even the relative 
areas of land and ocean, depend on the energy-driven circulatory systems of the winds, 
rains and ocean currents. The presence of energy can be felt in many forms; it is in the 
gravity force that attracts every mass to the centre of the earth; in the heat and light 
radiated by the sun; in the wind that sweeps over the land and sea; in the water coursing 
to the oceans, in the carbohydrates and wood in plants; in coal, oil, and natural gas, in oil 
shale and tar sands; in geothermal wells, and in the atomic nucleus.
Climate, thus, is basically a dynamic atmospheric phenomenon tending to even out the 
differential heating of various zones. Air movement is created by uneven heating of the 
atmosphere, as the sun heats it, the air expands, rises, and is replaced by cooler air. The 
pattern of movements being further modified by the earth's rotation.
Originally, buildings have been created to provide man with an environment more 
favourable than the outdoors. The topic of the primitive hut inevitably brings the question 
of the membrane at the boundary of architectural space. Bioclimatic Design concerns the 
function of this membrane at the boundary between interior space and the total space (or 
the world outside). It is capable of modifying the outside environment, making it more 
tolerable inside.
Based on archaeological evidence, from early man's tent and other primitive forms of 
dwelling, Broadbent (1973, p.384) concludes that when man started to build, he put the 
available materials together to form a shelter, in such a way that the indigenous climate at 
a particular (and inhospitable) place was modified, providing more comfortable internal 
conditions. Broadbent assumes that architecture still possesses this primary function.
It is possible to theorise and speculate on the nature of this membrane in buildings, and 
how it can be designed to best suit to a given set of climatic conditions. Various writers 
have suggested the optimum type of construction and design principles to be used (eg. 
Fry and Drew 1956; Koenigsberger et al 1974; Konya 1980; Yannas 1994).
The significance of energy is absolute in all human affairs; energy is involved in 
everything that happens here on earth. It is worth noting Markham's (1947) words:
Of all the factors that may assist or retard the development of a nation the most permanent, if  it is a 
factor, is climate. Great men come and go, and their wisdom is often undone by successors less noble; 
laws are rescinded; races intermarry with other races; economic resources vary in importance with 
changing needs; but climate, fickle and changeable as it is, is still the most stable, the most 
consistent, and in many ways one of the least controllable of all external effects that influence men.
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Every second of the day the environmental factors of temperature, humidity, air movement, and 
radiation are having their effect upon our bodies and our energies, and there is not the slightest doubt 
that the ideal combination of these factors goes a long way towards enabling men to be healthier and 
more energetic.
The relationship between the energies of the climate and the well-being of men has been 
the object of considerable speculation, the idea that climate is an important factor in the 
history of civilisation is by no means a new one. Many ancient writers (Hippocrates, 
Aristotle, Herodotus, Strabo) all concerned themselves with the relationship between 
types of people and the environment in which they lived, broadly speaking, they 
attributed the national success, the emergence of great men, intelligence and skill to the 
excellence of climate.
Toynbee (1946) saw climate as the activating force, leading to the first stirrings of 
civilisation in Egypt. In his book The study o f History, he puts forward the thesis that 
climatic change - gradual desiccation following on the last ice age - led to migrations and 
to attempts, in new habitats, to control the physical environment through the development 
of crafts.
Huntington (1924 and 1945) investigates the causal relationship between climate and all 
manner of human affairs. He does not limit the role of climate to the provision of an 
initial challenge, but sees its periodic changes as a determining factor in the rise and fall 
of civilisations and in their achievement of eminence. In his theory, he not only relies on 
temperature, rainfall and seasonal variations, but also on storminess and the indirect 
effects on human vigour of the more or less favourable crops which climate permitted 
man to grow in any particular area.
In studying the positive factors that build up a great civilisation and the causes of national 
greatness, Markham (1947) refers specifically to temperature and humidity as the factors 
most decisive for the effectiveness of civilisations. He also recognises the powerful 
influence of the energies of climate upon man:
Since civilisation is produced by men - and therefore by individuals - the question arose as to what 
conditions render it possible for a man to be at his best mentally and physically, for it seemed not 
illogical that where men enjoy conditions that permit them to be at their best there are present the raw 
essentials of civilisation.
The descriptions of the first human settlements among historians and architectural 
theorists usually follow similar patterns, they all agree that during the course of 
thousands of years climates may have changed. Bolin (1989) confirms that the climate on 
earth has changed throughout the evolution of our planetary system over millions of 
years. He says that sometimes these changes have been rapid. During other periods they
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have been slow, hardly noticeable over millions of years, as far as it can be judged from 
the evidence that is found in rocks and sediments.
The reaction against climate determinism has led to a whole spectrum of thinking 
concerning man in relation to the environment. Ranging from determinism to 
probabilism, through possibilism to voluntarism, a whole host of interpretations was put 
on man-environment relationships.
Markham (1947) as a scholar of the environmental determinist school, which flourished 
as an interpretive model in geography for several decades before World War n , advances 
the opinion that great climatic changes have undoubtedly taken place in the course of the 
world's history. The base of these theories, he says, is that the radiation from the sun 
varies from epoch to epoch, and that in accordance with these changes the polar ice caps 
advance or recede.
2. 1. 3 - Accounts of the primitive hut
Primitive people have eked out an existence only when and where, by seeking shelter, 
they could gain physical relief from the pressures of cold, wet, heat and from danger. 
Humans can only maintain their life processes by constant adaptation to an environment 
that is often adverse, different from the internal milieu which surrounds the cells and 
which must be maintained in a state of relative constancy if the organism is to survive.
The idea of shelter must certainly have occurred when wandering man, by actively taking 
steps to seek comfort, or reduce discomfort; felt inside a rudimentary shelter (possibly a 
cave) much more comfortable than outside; when the nomad stretched hides upon a 
simple frame to make a tent to provide shade and when the first rustic huts were 
constructed of sticks and mud. Laugier (1977, pp.11-12) gives a good picture of that 
occasion:
Let us look at man in his primitive state without any aid or guidance other than his natural instincts. 
He is in need of a place to rest. On die banks of a quietly flowing brook he notices a stretch of grass; 
its fresh greenness is pleasing to his eyes, its tender down invites him;... he thinks of nothing else 
but enjoying the gift of nature; ...But soon the scorching heat of the sun forces him to look for 
shelter. A nearby forest draws him to its cooling shade; he runs to find a refuge in its depth, and there 
he is content. But suddenly mists are rising, swirling round and growing denser, until thick clouds 
cover the skies; soon, torrential rain pours down on this delightful forest. The savage, in his leafy 
shelter, does not know how to protect himself from the uncomfortable damp that penetrates 
everywhere; he creeps into a nearby cave and, finding it dry, he praises himself for his discovery. But 
soon the darkness and foul air surrounding him make his stay unbearable again. He leaves and is 
resolved to make good by his ingenuity the careless neglect of nature. He wants to make himself a 
dwelling that protects but does not bury him. Some fallen branches in the forest are the right material
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for his purpose;... he then covers this kind of roof with leaves so closely packed that neither sun nor 
rain can penetrate. Thus, man is housed. Admittedly, the cold and heat will make him feel 
uncomfortable in this house which is open on all sides but soon he will fill in the space between two 
posts and feel secure.
According to Fagan (1975, p.170) the mouth of a cave or a rockshelter overhang was a 
favourite home of prehistoric man:
...both give shelter from the elements and shade on hot days, caves and rockshelters are common 
where geological conditions permit. The river valleys of the Dordogne in Southwestern France are 
lined by great rockshelters and deep caves in the high forested cliffs overlooking lush floodpains. 
Prehistoric hunters lived in the Dordogne rockshelters for over 40 000 years, leaving behind dense 
layers of occupation.... Danger Cave on the Western edge of Great Salt Lake Desert in Western Utah 
was occupied by prehistoric man from about 9 000 B.C until recent times. The cave mouth was 
choked with 3.9 m of occupation debris, representing five periods of use over thousands of years.
Alberti (1955) in his Ten Books on Architecture provides a further reference to the 
matter of primitive man's dwelling:
In the beginning men looked out for settlements in some secure country; and having found a 
convenient spot suitable to their occasions, they made themselves a habitation... They then began to 
think of a covering to defend them from sun and rain; and in order thereto, they erected walls to place 
this covering upon. By this means they knew they should be more completely sheltered from piercing 
colds, and storming winds.
In the preface of his book, somehow contrasting with Vitruvius' views on the formation 
of society, Alberti wrote:
Some have been of opinion, that either water or fire were the principal occasions of bringing man 
together into societies; but to us, who consider the usefulness and necessity of coverings and walls, it 
seems evident, that they were the chief causes of assembling men together. But the only obligation 
we have to the architect (sic!) is not for his providing us with safe and pleasant places, where we may 
shelter ourselves from the heat of the sun, from cold and tempest, (though this is no small benefit) 
but for having besides contrived many other things... of the highest use and convenience to the life of 
man.
It is pertinent to emphasise here the physical reasons, the pragmatic forces that have made 
man to look for shelter; Wilson (1972, pp. 161-162) outlining Maslow's theory of the 
human 'hierarchy of needs' states that there are basic needs; the first of which to be 
satisfied is the physiological need for food (energy). When hunger needs are satisfied, 
there emerges what Maslow calls 'safety needs,' which includes the need for freedom 
from pain, the need for a regular routine that will give a sense of a predictable, orderly 
world (enclosure, shelter).
Humphreys (1992) suggests that architecture can be thought of as long-term human 
adaptation to the environment. He notes that environmental conditions which tend to
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move the body away from equilibrium are unpleasant, while those tending to restore the 
equilibrium are pleasant. People are naturally inclined to seek conditions which tend to 
restore their sense of well-being, for this they have a range of regulatory mechanisms 
(physiological, behavioural, cultural, technical). People can regulate their posture, 
activity and clothing to obtain comfort; they can adjust their buildings (open windows, 
switch lights and fans on, adjust blinds) as part of the overall strategy which helps to re­
establish a balanced energy exchange between their bodies and the environment.
"Architecture with all its varying phases and complex developments," says Fletcher 
(1975, p .l), "must have had a simple origin in the primitive effort of mankind to provide 
protection against inclement weather, wild beasts and human enemies." Fitchen (1988, 
p.29) reinforces this idea:
Obviously, the primary, universal function of man’s building has always been to ensure his survival 
by creating an environment that could shelter him from the hostile elements ....Whether the 
hostilities of nature manifested themselves in excesses of heat, cold, wind, or rain, or any 
combination of these and other inimical forces, man as a builder has had to work out solutions that 
could protect him from their baneful effects and provide him with a viable interior habitat.
This view corresponds to that of the great French architectural theorist in the seventeenth 
century, Jacques-Frangois Blondel. In his book Cours d'Architecture' (in Rykwert 1981, 
p.64) the whole matter of origins could be reduced to this brief reference: "Men first 
doubtlessly made themselves shelters against the severities of the seasons and the attack 
of ferocious beasts. To this end they built themselves huts and cabins: reeds, cane, tree 
branches, their leaves, their bark and clay were almost the only materials which they 
employed to build their dwellings."
2. 1. 4 - Architecture as an environmental modifier
Simply stated, to make architecture is to devise spatially, through proper information 
(which includes issues of quality, human needs, values and uses) a material system 
correlated to a given surrounding environment, and subject to a range of interactions 
affected by seasonal and daily changes in climate and by patterns of occupation.
It seems obvious that the natural energies of climate set people basic and permanent 
problems in design - the problems of physiological protection. Protection against the 
direct and powerful solar radiation; protection against rain and snow; and protection 
against extremes of cold and heat, sometimes occurring in the same region. Broadbent 
(1973) in the introduction of his book Design in architecture, states that the building and 
its services control the physical climate. They act as a set of 'filters' between a given, 
external environment and the activities people want to perform.
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Fitch (1972, p i)  assumes that the fundamental theme of his seminal book American 
Building 2 - The Environmental Forces that Shape it, is that the ultimate task of 
architecture is to act in favour of man. He remarks even more pointedly:
to interpose itself between man and the natural environment in which he finds himself, in such a way 
as to remove the gross environmental load from his shoulders. The central function of architecture is 
thus to lighten the very stress of life. Its purpose is to maximise man's capacities by permitting him 
to focus his limited energies upon those tasks and activities which are the essence o f the human 
experience.
He persists in this fundamental concept: "This successful interposition between man and 
his natural environment furnishes the material basis of all great architecture.
Fathy (1986) also reinforces this notion by suggesting that a principal purpose of 
building is to change the microclimate. He says that early men built houses to keep out 
the elements - rain, wind, sun and snow. Their purpose being to produce an environment 
favourable to their comfort and even to their survival.
Hillier and Leaman (1976) in proposing a four-function model for the conceptualisation 
of buildings, have identified the building, amongst other things, as a climate modifier, 
acting as a complex environmental filter between inside and outside, modifying (by 
decreasing, increasing, selecting and specifying) the sensory in-puts into the human 
occupants. Only in this way, they assert, a building meets one of its basic purposes of 
existence.
Fitch (1972, p.16) remarks that man was compelled to invent architecture: "By means of 
it he surrounded himself with a new environment tailored to his specifications, interposed 
between himself and the world. The building, in even its simplest form, invests man, 
surrounds and encapsulates him at every level of his existence, metabolically and 
perceptually."
He puts this function in an analogy with the uterus: "...for the building permits man to 
modulate the play of environmental forces upon himself and his processes, to guarantee 
their uninterrupted development, in very much the same way as the mother's womb 
protects the embryo."
Humans, when born and become exposed to the atmospheric environment, seem to be 
naturally unfit to survive harmoniously in it. The external physical environment in which 
the human organism lives is usually completely dissimilar from that safe and stable 
habitat in the mother's womb, therefore people find themselves experiencing strenuous 
environmental conditions in continuous fluctuations across time and space which may be 
not only uncomfortable, unsettling but even hostile for survival.
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During the first nine months of its life, the environment of the human organism is 
represented by the amniotic fluid and by the interface between the placenta and the 
circulation of its mother. When the human tot leaves the uterus it is exposed to an 
environment in which it must maintain its body temperature, and with which it must carry 
out its own interchanges of matter (gases and food). For a while it depends entirely upon 
the assistance of another human being in order to survive.
In the first few years of an infant's life, the people who are caring for and protecting him 
are among the most important features of the environment he encounters. They provide 
the infant with most of his material needs, protection from danger; exposure to extreme 
temperature, and the provision of the acquired information which may constitute its 
'cultural inheritance'. As the person grows, he continues to require protection from the 
fluctuations in the physical features of the natural environment.
As far as historical evidence shows, the early inhabitants of earth did not possess the 
capability of intensive cooling or heating. In considering the human aptitude to live 
without the aid of artificial implements, nature, at first, does not seem to have developed 
a favoured relationship to humans. The physical environment is all around people; as it 
changes it constantly affects their behaviour. It is beyond question that it might be too 
cold, too hot or too harsh for people to live out of doors all of the time.
This is probably the reason why some science-fiction writers like to speculate that the 
human race seems to have been designed for some more kindly outer space environment. 
It is remarkable that a creature so soft, thin-skinned and vulnerable as humans should 
have survived on this scorched and frozen globe; as they cannot, like fish or frog, allow 
their body temperature to rise or fall with that of their surroundings.
Fletcher (in Broadbent 1973, p. 137) includes maintaining comfortable temperature 
(keeping warm, keeping cool) as primary instinct. For Le Corbusier (1965, p.250): "The 
primordial instinct of every human being is to assure himself of a shelter." Shelter thus, 
can be understood not only as protection, but as one effective way for man to develop a 
sort of a more balanced relationship with nature. This 'relationship' could be defined as a 
sort of a rational struggle and a permanent attempt to establish order out of a (natural 
order) disorder.
Architecture is to a great extent an artificial environment physically separated by matter 
from the natural effects of weather such as radiation of the sun, the wind, the rain, snow, 
etc.. It is the result of a deliberate physical interaction which reduces the adaptative 
demands upon the human organism.
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Architecture extended the range of environmental circumstances and of geographical 
places at which human life became comfortable. As the geographical area of human 
settlement increased, the protective function of buildings became more important. The 
progressive adaptation of buildings enabled people to settle even in inhospitable regions.
In the quest for comfort and defence against the hostility of nature, humans transformed 
the environment by making architecture, adjusting the natural conditions to their need for 
protection, comfort and shelter. With architecture certain activities could be carried out 
conveniently in comfort and, occasionally, with delight. By producing buildings, people 
could experience two worlds; the natural, unpredictable world which preceded them, and 
the sheltered world of home and social institutions where they are able to fashion an 
environment responsive to their needs for order and security.
The gradual transformation of the environment is a reflection of people’s changing needs 
and of the growing capacity of domination over nature which enables them to adapt their 
surroundings to desirable conditions. The adjustment of humans to natural conditions, 
and their adaptation of these conditions to physiological needs, transform the 
surroundings into a man-made cultural landscape.
Steward (1955, p.40) concedes that: "the simpler cultures are more directly conditioned 
by their environment than advanced ones." Advanced societies are more affected by the 
designed, built, man-made environment with all the social institutions. The present 
structure of any man-made environment, as one experiences it today, is the result of a 
long and complex development. Even the natural environment has in itself a quality of 
permanency which people take so much for granted that they tend to forget how greatly 
its original state has been transformed.
Chapter 4 will discuss the fact that people are inclined to take the environment they see as 
the last word, and are reluctant to accept any further changes. In modem times, 
technology provides fast effective responses to environmental modification; if it is cold 
outside, people pull up the blinds and let sun in or switch the heating system on; if it 
rains they get shelter under a roof or carry an umbrella; in hot strong sunlight they switch 
on the air conditioner, close the blinds or wear sunglasses.
Human progress in adjusting the physical environment to their physiological, material 
and cultural requirements is carried forward by two complementary impetuses: instinct 
(physiological regulation of energy) and reason (apprehended information). In every 
stage of the evolution of Bioclimatic Design these two forces can be identified. Within the 
built environment, each can produce propitious and disparate results; in the appearance of 
a building, in its character; in its structure, complexity, etc..
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The physiological, instinctive impulses are described by Broadbent (1973, pp 368-369) 
as one of man's most fundamental responses. At the end of chapter 1, the importance of 
the Orientation Responses 'OR' was discussed. The homeostatic mechanisms of the 
body comprise of a number of components, interlinked so as to work together in certain 
ways that maintain the body temperature constant. Organs and receptors sense changes in 
the environment (and through very complex physico-chemical processes - volume of 
blood, concentration of sugar, salt, oxygen and carbon dioxide) they can adjust the 
organism and take appropriate action. They do this and the brain needs to know that they 
have done so, so that when the 'normal' state of the organism has been reached again, 
the effectors (organs) can be instructed to stop their action and relax.
Physiological, instinctive impulses and the logical, rational mental elaboration have 
together shaped people's views and attitudes towards architecture and led to direct or/and 
indirect forms of control over the surrounding environment. This notion is advanced by 
Le Corbusier (1965, pp.20-21):
...architecture, which is a matter of plastic emotion, should in its own domain begin at the beginning 
also, and should use those elements which are capable of affecting our senses, and of rewarding the 
desire of our eyes, and should dispose them in such a way that the sight of them affects us 
immediately by their delicacy or their brutality, their riot or their serenity, their indifference or their 
interest; these elements are plastic elements, forms which our eyes see clearly and which our mind can 
measure. These forms, elementary or subtle, tractable or brutal, work physiologically upon our senses 
(sphere, cube, cylinder, horizontal, vertical, oblique, etc.), and excite them. Being moved, we are able 
to get beyond the cruder sensations; certain relationships are thus born which work upon our 
perceptions and put us into a state of satisfaction (in consonance with the laws of the universe which 
govern us and to which all our acts are subjected), in which man can employ fully his gifts of 
memory, of analysis, of reasoning and of creation.
Buildings and towns, for instance, have been developed either by gradual growth, under 
the instinctive necessity of an individual, family or community, sometimes unrelated to 
any clear purpose as expressed by many features of vernacular architecture. They can 
also be deliberately designed and logically planned by an architect determined by 
singleness of purpose. These processes can be observed regularly in many parts of the 
world, and they sometimes overlap.
The sense of order, as related to the basic need for shelter, might well be considered a 
mental effort in order to achieve a controllable rate of energy exchange with this ever- 
changing forces of the weather by means of the elaboration of a more artificial 
environment. W.K. Brooks (in Fitchen, 1988, p.28) writes:
One of the most important and far-reaching of all the adaptations of nature is an adjustment that tends 
to cause variation when it is needed, and to keep tilings as they are, so long as no change is demanded. 
As the conditions of life become unfavourable, variation becomes desirable in order to restore the 
adjustment between die organism and its environment.
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Hannes Meyer (in Broadbent, 1973, p.78) postulates that all life is an urge towards 
harmony. Architecture, anywhere and at any time in history, represents an ingenious 
result of a long process of constant striving and refinement, aiming at the provision of 
maximum response for human well-being and comfort in conditions of climatic 
fluctuations. It is not surprising that some inventive long-standing solutions are rooted in 
this continuum.
From the history of the visual arts, especially painting, it is made clear that art imitates 
nature, but with architecture this was not as self-evident as with all other art branches. 
Friedrich Nietzsche wrote (in Johnson 1955) that: "In architectural works, man's pride, 
man's triumph over gravitation, man's will to power assume visible form. Architecture is 
a veritable oratory of power made by form."
One direct inference that can be made is that wherever people live, one of the first things 
they do is to look for some kind of shelter from the cold, the rain, the snow and the solar 
radiation. This is not surprising, even farmers know that certain animals need shelter or 
they might die in their hundreds during a hard winter. Because of their inherent 
physiological limitations and only relatively slight adaptative capability, humans have had 
to deal with climate through the rational development of protective devices such as 
clothing, shelter, and later, controllable sources of heating and cooling.
Whether a building is a utilitarian structure or a masterwork of art, underlying the act of 
building is the overriding need to provide shelter, a response to uncomfortable and life- 
threatening climatic impacts. Architecture understood as a controlling device over the 
relationship between the human body and the oscillating environment.
2. 1. 5 - The use of matter
As an initial attainment, humans used matter in architecture to mediate the energy 
exchange between their exposed bodies and the environment. By surrounding themselves 
with matter (walls and roofs), they reduced the flow or entrapped pockets of 'dead air' 
thus interposing an insulating layer between their bodies and the environment, thereby 
modifying radiation and convection heat exchange.
They did what appeared to them to be immediately and obviously necessary - to interpose 
matter in between their unprotected warm bodies and the varying environmental 
conditions. Earth, clay, stones, leaves, rushes, reeds, bamboo, branches, twigs, bones, 
hair, sinues, skins and furs, according to literature, were probably the most important 
materials during the early history of architecture.
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Steps forward in man's dominion over matter have involved some advances in the 
control of energy, such as the use fire to burn clay or to shape metal tools. This long 
process, and the continuous urge to master the properties of matter persists and can be 
illustrated in the way technology permits refinements such as the complex constitution of 
matter in modern architecture. The enormous reduction in its use effected the energy 
usage in buildings.
The first utilisation of matter as an energy mediator was a remarkable rational action. It 
refers to humans’ ability to distinguish and experience the effects of a voluntary 
instrumental control over the environmental contingencies. It is about an adaptative 
technique which is considered 'instrumental' because it brings about changes influencing 
environmental outcomes. There are circumstances in which the actions of people are not 
instrumental with respect to environmental stresses, situations in which the physiological 
responses can endure the fluctuations, but those are very limited.
The environment places important constraints upon human behaviour and well-being; and 
changes in the environment by the effect of building are supposed to alleviate them. It has 
been through the use of meaningful information (feelings of satisfaction and pleasure 
obtained from their modified environment) that humans have distinguished the effects, 
configuration and features of those changes.
The search for environmental control ends in a certain gain and accumulation of 
knowledge, this is one of the ways in which human experience is obtained. The 
experience and the learning which result from the interaction with the direct, delicate 
modification of the surrounding environment is associated with the different stimuli and 
changes in the physiological responses.
With the ability to accumulate information, the experience of one generation can be 
available to the next, not only in the form of pure knowledge, but also through 
information that is ingrained in matter, in the shape of objects, tools, building 
components and space configurations. This can been neatly defined as a non-genetic 
transmission of experience. The character of culture of the earliest people was greatly 
perfected through the manipulation of matter. Mumford (1967, p.238) observes:
All the praise of tool-making and tool-using that has been mistakenly applied to man's early 
development becomes justified from Neolithic times onward, and should even be magnified in 
evaluating the later achievements of handicraft. The maker and the object reacted one upon the other. 
Until modem times, apart from the esoteric knowledge of the priests, philosophers and astronomers, 
the greater part of human thought and imagination flowed through the hands.
The long historical period between human ancestors and homo erectus is dominated by 
biological inheritance that had shaped the change. The period between homo erectus and
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homo sapiens corresponds to the dominant forces of information, cultural acquisition by 
imitation, training and learning. Coward (1979) asserts that cultural acquisition became 
now the main force transforming man's way of life. Social evolution, as distinct from 
biological evolution, opened up unlimited capacity for adaptation.
It has been said that one of the qualities that distinguishes man is certainly his ability to 
adapt himself to living in every climate on the globe. He has achieved this mainly by 
designing and adopting forms of dress and of shelter to conform with the environment. 
But clothes present some limitations, they cannot dissipate warmth, they can only retain 
body heat.
There are actually just a few regions in the world where the protection of clothing is 
sufficient and effective against cold, all the year round and all night long, without shelter 
or fire. Rybczynski (1987, p.58) speaking of the Dutch houses in the seventeenth 
century, writes that the only way to achieve some comfort under the damp Dutch winter 
was to wear many clothes, men wore half a dozen waistcoats, several pairs of trousers, 
and heavy cloaks; their wives wore as many as six petticoats under their skirts.
Andrd Lefevre in his book (in Rykwert 1984, pp.44-48) Les Merveilles de VArchitecture 
expresses a belief that there must be a common law for all architecture, animal and 
human, and that all satisfy the same need, infinitely diversified. He concludes: "that's the 
law of adaptation. ...The individual dwells as he clothed ...to defend himself from the 
inclemency and hostility which surround him." Implying that both clothes and dwellings 
serve the same purpose; not only to protect our bodies but also to add some visual 
satisfaction.
The forms achieved and the systems used for passive heating and cooling in animal 
architecture have been studied by A.B.Bowen (1981). She notices that these are the 
products of the animals' instincts and in the case of the higher animals, of their own 
experience, which can lead to exceptional individual solutions. She comes to point out 
that unlike human architecture which often follows a style and has little response to the 
immediate microclimate, animal architecture is vibrant, unique and operative in its 
responsiveness to the climatic conditions which surround it.
The termites, for example, spend their lives in dark tunnels below ground and mud hills 
above ground which are constructed to maintain a continuous flow of air and a precise 
temperature. This is vital to the lives of the termites whose skins offer no special 
protection against dehydration if the temperature rises. Communication too, which 
depends on a system of chemical exchange, is badly disrupted if the temperature is too 
high.
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Olgyay has also a section in his book Design with Climate devoted entirely to animal life 
and shelter. Various writers (eg. Frisch 1975) have commented on the ingenious 
constructions of the beaver dam, the pendent, woven nest of some birds, and the many- 
celled, insulated nest of the hornet. Until quite recently there has been only scant and 
scattered notice of the actual engineering nature that are sometimes undertaken by insects, 
fish, birds or mammals in the natural world.
Frisch (1975) has produced a comprehensive account of the life of bees. He writes that 
placed just within the single opening of the hive, the worker bees perform the function of 
ventilators. Two currents - one in-going, one out-going - are established in the hive by 
the fanning motion of the bees’ wings, which produce a complete circulation of the air of 
the hive, and keep down the temperature to that point which is fitted to the nature of the 
bees. This way of ventilating they get rid of the carbonic acid, and other products of 
respiration.
The point to consider is that there has always been the weather to keep out - sun, rain, 
hail, snow, solar radiation, winds and consequently a significant problem: how to 
modulate this raw environmental stress produced by the weather on the human body. 
Watson (1987) writes that whether a building is a utilitarian structure or a masterwork of 
architecture, underlying the act of building is the need to provide shelter, a response to 
uncomfortable and/or life-threatening climatic impacts.
2. 1. 6 - The matter, energy and information framework
For much of human history, people lived in simple skin tents, thatched huts or 
lightweight-portable structures that left little or no trace in the archaeological record. 
Those were kinds of quickly built buildings of quite limited longevity, erected by 
nomadic or precariously settled people who lived very close to nature and whose lives 
were inescapably regulated by the imperatives of an environment in which their survival 
was marginal.
One cannot dismiss the account given by Mumford (1961, p.10) to early human 
settlements in considering some fundamental issues, like man's need for mobility in 
order to get the supply of energy (food), before civilisation devised means and 
appropriate conditions for more permanent shelter: "Hunting and food gathering sustain 
less than ten people per square mile." He continues:
to be sure of a living, paleolithic man needed a wide range and great freedom of movement. Chance 
and luck compete with cunning and skill in early man's economy: now he feasts, now he starves... he 
must live from day to day, keeping to small, mobile groups, not heavily impeded by possessions, not 
tied to a fixed habitation.
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Man may have felt settled and secure in caves, one can judge by the decorations left on 
the walls, but caves are rare finds, probably those who could not find caves spent a lot of 
time building shelters for themselves. Accounts of the primitive hut show that to solve 
this problem man has first relied on readily available organic matter such as leaves and 
branches, heather, all kinds of grasses, straw and reeds (Fig. 2), which he has learnt to 
plait and weave together and to bind down into a considerable compact mass.
Fig. 2 - The use of local, organic materials in the. 
primitive hut (Source: Herrmann 1985, plate 4)
Along the vast period that comprises human civilisation, these materials could be 
extracted and used almost as they were found, with very little energy expenditure; clay, 
stone and wood were often used in this manner. Man's architectural creations were 
formally simple, unrefined and natural, in the sense that they were built of materials 
offered by the landscape, with little or no physical or chemical transformation. In most 
cases, in fact, the energy required to build up and to operate such buildings was low, a 
man's strength could definitely supply it. The igloo represents a building well adapted to 
a hostile environment using extremely limited resources.
Early humans used their bare hands to build dwellings from branches, earth and stone. 
At this point, attention should be drawn to the proposed framework (chapter 1), which 
can possibly be used as a frame of reference. Following a line of thought through the 
way the vital flow of each or the combined basic factors (matter, energy and information) 
is employed and managed, this early stage of men's civilisation could well be understood 
as indeed a time in history when the configuration of architectural methods and processes 
were manifested by the application of an absolute minimum level of in fo rm atio n  
(initially, there was no accumulated experience), a very low input of energy - in the 
form of a man's force, to a relatively small quantity of (raw), locally available matter.
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In formulating the necessary arrangements to interpose matter in between the human 
body and the total environment, a rough material envelope was created which physically 
interrupted the flow of the energies of climate from the inside to the outside.
Illustrations and accounts of the primitive hut (Fig. 3) suggest that built form might have 
been achieved by trial and error. Architectural form and shape were occasionally 
determined by the physical nature and properties of the available matter; by the capacity to 
use serviceable sources of energy, and the actual restrictions imposed by the existing 
level of accumulated information.
Fig. 3 - Built form as a consequence of 
available resources (Source: Rykwert 
1984, p. 72)
When ancient men built their first shelters, no doubt they began with little deliberate 
design or forethought, taking the available materials and putting them together in ways 
which seemed to work. Broadbent (1973, p.412) defines this as 'pragmatic design', he 
suggests that it is still widely used, particularly when one is trying to find the ways in 
which new materials may be used, or when using old ones in new ways to achieve better 
performance, greater economy or other advantages over their traditional use.
Initially, one may assume, it was largely through chance, discovery and observation that 
ancient people slowly learnt to improve on this simple beginning. Basically, architecture 
was accomplished by fortuitous assemblage; while people attempted to give natural, 
locally found matter uncertain forms and shapes in order to develop a sort of physical 
protection which could bring a comfortable recompense to the unprotected body.
Architectural information is produced and accumulated throughout the entire building 
process; when by chopping branches of a tree one gets a supporting fork; when one finds 
a good source of regular rocks that seat steady on top of each other, etc.. In short, this 
means a stage where organic and inorganic matter were taken out from the natural
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landscape, put together and roughly given an artificial, human form, meaning and 
position as well as a more permanent function.
At this level, man’s own contribution to the evolution of architecture was merely in 
perceiving the usefulness of things which he chanced upon, and the superior merit of 
each improvement. The emerging expertise constituted that adequate knowledge of the 
essential principle or form of each improvement so as to enable a person to reproduce it 
successfully. Redfield (1956, pp.72-73) writes that in primitive societies there is a 
diffuse knowledge of everything by all, everyone knows the rules, there is no technical, 
specialised vocabulary, because specialisation does not exist beyond age and sex.
In terms of building, this implies that almost every member of the community is capable 
of building his own dwelling, usually with the cooperation of a group. As Rapoport 
(1969, p. 13) says, the influence of people in vernacular buildings is not individual or 
personal, but of the group, and limited at that.
The history of architecture, one can assume, may have started when humans organised 
matter beyond practical requirements, and applied meaningful information (organisation 
of elements, symbols) or ornament to matter, establishing the distinction between plain, 
straightforward building and architecture. The theory of architecture widely asserts that a 
building needs some extra significance, or be covered with ornaments to become 
architecture. Le Corbusier (1965) approached this fundamental question from a rather 
artistic standpoint, by saying: "The business of Architecture is to establish emotional 
relationships by means of raw materials."
By a slow process of successful adjustments to natural conditions, the early primitive 
shelters, intended only for temporary occupation, have been superseded by more and 
more refined dwellings used for permanent occupation. Later, during the ancient world, 
the art of architecture (presuming from the remains of some civilisations) consisted 
mainly of massive buildings* and monuments which impressed by their sheer size. They 
were remarkable for the mass of matter employed (Pyramids of Egypt, the temples and 
settlements of the Incas and Mayas, etc.).
Implicitly in these massive structures, there is always the public deference to a regime or 
authority who was capable of managing and channelling extraordinary amounts of 
animate energy to one single purpose. By looking at the temples and monuments that 
survived from early civilisations, one can easily realise that they frequently consist of 
piles of stone, piles of mudbrick, or a facing of carved stone on a natural hill.
* This study is primarily concerned with residential buildings. Although some lightweight residential 
buildings have existed throughout the centuries, there is clear evidence of heavyweight residential 
buildings in many civilisations (eg. Greece, Pompeii, Rome).
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For quite a long time in history, buildings were generally simple, they came out of 
accepted models, from a small number of building types. Cesar Daly remarks (quoted in 
Collins 1967, p.99) that superabundant strength and simple planning characterise all 
primitive architectures. Whereas calculated strength, related to the resistance of materials, 
and relatively complex plans correspond to the complexity of advanced civilisations.
The ‘artistic’ manipulation of matter has been extensively used in architecture to indicate, 
for example, the owner’s power or the purpose of the building. Gradually and 
progressively, information and ornament were either hand-carved or cast, that is 
ingrained in matter (Fig. 4). Tools and mechanical equipment for creating ornaments 
became more and more common, they were extensively used for many centuries, until 
they vanished by the late nineteenth century. Today almost all building components are 
moulded industrially.
Fig. 4 - The incorporation of information in 
matter (Source: Alberti 1955, fig. XXIX)
J.F.Blondel defined architecture in 1752 (in Collins 1967, p.200) as an art of which “the 
first excellence is to express solidity, having for its object construction; then 
commodity... and finally decoration." Many authors still consider that ornamentation is 
actually what accounts for the main difference between architecture and mere building. 
This issue remains to the present. When one takes the importance of structure as a 
formative influence on architecture, the belief is still prevalent that the main problem of 
civil engineering is that it lacks artistic treatment.
Although there have been traditional lightweight buildings (in parts of the USA, Japan 
and Scandinavia, for example), generally, before the advent of Modem Architecture, the 
idea of a building was essentially a massive enclosure, divided by solid walls; enclosures
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were solidly bounded by masonry structures - architecture being something of a strong 
material existence.
A concise version of the role of the characteristics of materials in architecture shows that 
the earliest usages were related to their manipulative, portability and tactile qualities. Then 
through the elaboration of better tools, came the awareness of their utilitarian, visual and 
durability properties. More recently, with further information obtained through scientific 
research about their intrinsic properties, interests in building materials shifted to their 
desired performances (structural, thermal, visual, optical, acoustical).
Modem architecture (see section 2.5) advocated the abolition of ornament and expressed 
itself through the radical plainness of its surfaces. However, a strong level of symbolism 
and of embodied information is still found in this plainness, precisely through the co­
ordinate, monumental geometrical composition of forms and volumes which carefully 
express, just in another way, the status of the owner and the purpose of the building.
In discussing the distinction between vernacular buildings and architect designed ones, 
Rapoport (1969, p.2) writes that monuments of the grand design tradition are built to 
impress either the populace with the power of the patron, or the peer group of designers 
with the cleverness of the designer and good taste of the patron. The folk tradition, on the 
other hand, is the direct and un-selfconscious translation into physical form of a culture, 
of its needs and values, as well as the desires, dreams, and passions of a people. The 
folk tradition is more closely related to the culture of the majority and life as it is really 
lived than is the grand design tradition, which represents the culture of the elite.
Most certainly, ornament did not cease to exist, it has merely been merged imperceptibly 
into the building structure (Collins 1967, p. 127). Architecture has become a form of 
abstract sculpture, its complex language may now apply very subtle expressions. Scuri 
(1990, p.22) points out that the skyscraper’s image is important as an advertising image, 
and because of this its principal goal has become that of attracting the attention of the 
public, and remind them of the product it is promoting. Scuri writes:
If the form of one corporation’s skyscraper is distinguishable from that of others, this is taken to 
signify that the corporation stands out against its competitors; if the skyscraper is faced with granite 
or limestone rather than with glass, it means that the corporation is strong and solid; if the skyscraper 
is situated in the city centre, it means that the corporation occupies a key position in the life of the 
society; if the form of the skyscraper in some way echoes the forms of the architecture of the past, it 
means that the corporation has strong traditions...
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2. 1. 7 - The modern hut
Rapoport (1969) recognises that mankind’s dwellings hold a fascination for they stand as 
concrete expressions of a complex interaction among cultural skills and norms 
(information), climatic conditions (energy), and the potentialities of natural materials 
(matter). But what was it people first wanted for their dwelling? what were their principal 
concerns? which forces have drawn them to build a shelter? one might suppose that even 
without much archaeological and scientific evidence it is not impossible or even too 
difficult to guess.
Today quite primitive and completely modern buildings sometimes exist side by side. 
Fortunately enough, it could be said, the world is so varied and the populations of the 
world so unlike in the way they manipulate (produce, distribute and consume) energy, 
matter and information that today one still finds every kind of dwelling, from the 
primitive cave, through huts and tents to the most sophisticated sky-scrapers; all being 
built and used, and not surprisingly all suiting someone's need and idea of what a 
building should be. A case in point is the use of pisd, or rammed earth, for building 
construction, this has been a common practice in many parts of the world throughout 
many centuries right up to the present.
The reason could be that all people have always had through time and space basically the 
same sensory mechanisms for perceiving the physical conditions of their environment, as 
well as the same central nervous system for responding to the stimuli thus perceived. 
Hamilton (1973, p.247) supports that:
Man's basic needs of food, shelter and warmth - and indeed, man's instincts - have hardly changed at 
all in the 6 000 years or so since he started to build. Because of this, ideas of what constitutes a 
desirable house are very much as they have always been. Most people still live in essentially small, 
box-like places, where they can indulge their own tastes and create their 'personal environment’.
Rapoport (1969, p.3) considers that primitive building refers to that produced by 
societies defined as primitive by anthropologists. He suggests that it refers largely to 
certain technological as well as economic levels of development; the term ‘primitive’, 
therefore, does not refer to the builders' intentions or abilities, but rather to the society in 
which they build. He reflects on how the houses of the world’s people reflect the 
physical conditions of their environment, as well as cultural preferences and capabilities, 
in a wide variety of solutions to the basic problems of house design.
Most of the evidence available on prehistoric, preliterate, folk, and vernacular 
environments can still be useful as a potential set of lessons for being studied today. As a 
matter of fact, everyone, when building a new house to live in, is still concerned about 
the same problems as that of pre-historic people in their rather peculiar way; to make the
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place stand up; to keep out the cold, the heat and the rain; to keep in the warmth; to let the 
light in. These, and a few more that civilisation has created, are still basic problems of 
house building.
Broadbent (1973, p.26) maintains that a number of essential points emerge from the 
primitive building: that the basic reason for building was to modify the given climate as 
offered by 'wild nature', so that certain human activities (in this case rest and sleep) 
could be carried out conveniently and in comfort. He concludes: "All buildings, finally, 
do this - they effect a reconciliation between man's needs and the climate as offered by a 
particular piece of ground."
2. 1. 8 - The basis of a relationship
The function of architecture, it is generally held, has been the meeting of human needs. 
Historically and geographically, depending on the time and place that a building is 
undertaken, or rather on the way in which a society is supplied by matter, energy and 
information, these needs may be much broader than the basic protection from the natural 
elements. As information and the state of civilisation developed, man had to create an 
ideally controlled internal environment that went far beyond the elementary needs of 
survival, preservation, and the perpetuation of life.
Developments in our knowledge of physiology has shown that the vital processes of the 
human body are accompanied by considerable energy exchanges, this energy coming 
directly from the oxidation of foodstuffs, and indirectly from the sun (see section 2.3).
Considering the whole system, energy and matter are combined in photosynthesis by 
green plants and separated whenever respiration or oxidation occurs. The energy and 
matter remain linked until separated by oxidation (during respiration in animal life, 
combustion and in chemical processes). All foodstuffs are organic compounds which on 
combustion yield large amounts of energy.
In humans this energy serves the physiological requirements in order to maintain the 
body temperature at a fairly constant level, and the energy which is not converted to 
mechanical work, is then liberated as heat. Even when the body is completely at rest and 
in warm surroundings, the heat production does not fall below a definite minimum value 
- the basal metabolism - which is a continuous and unconscious process.
The body temperature is controlled by complex physiological mechanisms which can 
regulate the rate of heat loss from the body surface. It is through the operation of these 
mechanisms that the temperature of the body remains constant. The limits of existence
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can be defined in terms of deep body temperature as 35°C and 40°C. The normal being 
about 37°C. The skin temperature should always be less than these values and the 
temperature of the environment should be slightly less than the skin temperature in order 
to allow adequate, but not excessive, heat dissipation (Edholm and W einer 1981; 
Szokolay 1985).
If due to an increase in metabolic heat production or because of a change in 
environmental conditions, the heat produced is not fully dissipated, the equilibrium is 
disturbed, and some heat goes into storage in the body and elevates its temperature. The 
maximum temperature increase the body would normally tolerate is 1.4° C. In order to 
restore the balance, some physiological mechanisms are activated like vasodilatation and 
evaporative cooling by the activation of sweat glands. By contrast, under cold 
conditions, when the heat dissipation rate exceeds the heat production rate, the first 
physiological response is vasoconstriction followed by shivering.
The above physical conditions, although being specific to the thermal aspect of human 
comfort, surely emphasise how narrow is the range of potential physiological responses 
within our bodies, and they also help in justifying the absolute necessity that humans 
have had in developing architecture as an artificial means to effectively regulate the 
continuous exchange of energy between their bodies and the environment.
Fitch (1972, p.16) adds that even if man had the biological capacity to survive, like in a 
few climatic paradises on earth, without the need to construct a 'third environment' 
"...on the base of sheer biological existence, man builds the vast superstructure of 
institutions, processes and activities which is civilisation: and these could not survive 
exposure to the natural environment" - even in those ideal climates.
However, much of the population of the world live in climatic zones that dictate the need 
for heating and/or cooling of building structures for human comfort. Therefore there 
should be clearly objective ways in which buildings would correspond to, and be made 
to express the specific functions which they serve in controlling this human-environment 
continuous energy exchange relationship.
Of course, all this might have to do with the selection of a place to live, choosing a site, 
determining the orientation of the building, the size, shapes and relative disposition of 
rooms, the placing and sizes of doors and windows, the pitches and overhangs of roofs, 
and many other possibilities. Climate, in general, produces certain obvious effects on 
architectural forms, the choice of building materials, and the characteristics of many 
building components.
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The interaction which actually takes place between the human body and a building and 
between the building and the environmental fields of radiation, air temperature, air 
movement, and others in which both the body and the building are immersed, is a highly 
complex one, too complex to be dealt with in full detail here.
What should be bom in mind is that human relationship with architecture is inclusive and 
not exclusive like the conventional design approach advocates. Architecture is not just a 
visual phenomenon; in experiencing architecture people are actually, as Fitch (1972) 
remarks, submerged in it, exposed to a complete assemblage of relationships. It must be 
seen as being formed of many distinct, coextensive and coexistent and interacting 
elements in a continuous and fluctuating pattern.
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2. 2 - The use of fire (producing energy from matter)
There is no such thing as a primitive man; There are only primitive means. The idea is constant, 
potent from the very outset" ( Le Corbusier, Vers une Architecture, )
One extraordinary characteristic of human beings is their ability to modify. They can 
modify more drastically than any other animal, the conditions that they find unsuitable.
This section studies the use of fire as a breakthrough in the development of an energy 
resource. It was the first human utilisation of energy in a form other than sunlight and the 
chemical energy derived from food. It is the first non-human energy used to control the 
quality of the environment and enhance human performance.
Among other conveniences, fire has offered mankind protection against climatic 
adversity, improving the chances for survival by increasing the habitable territorial range 
available for food-gathering. It made cooking possible and added many substances to the 
human diet. It also increased the number and variety of materials available for human use. 
Fire is a suitable means to moderate the environment in and around buildings, making it 
artificially more comfortable (warmer and drier).
Being capable to produce and control this new energy source, people were able to explore 
the earth's vast sources of inanimate energy and inhabit many diverse regions of this 
planet rather than just the tropical ones. Even with the availability of fire, the greater part 
of the energy used to perform work was human energy derived from food.
2. 2. 1 - Coping with the climate
In the long-running debate about the origins of life on earth, most evidences suggest that 
it started in the oceans. In natural history (eg. Oparin 1957; Ward and Dubos 1972), it is 
generally held that the sea, so far as we know it, was the original home of all living 
things, the natural medium where all life forms evolved. It was in the oceans that life first 
began to stir, shielded by the waters from the sun's radiation. For a thousand million 
years or so, the shore of the sea was a frontier that life could not cross.
Without water's special qualities for holding heat, much of earth would be uninhabitable. 
W ater acts as a universal moderator of temperature throughout the planet. In order to 
move out of the oceans and onto the land, living organisms had to develop thermal 
strategies that would allow them to survive both climatic extremes and wide seasonal and 
daily fluctuations. Land-based mammal life forms, for instance, need a quite precise 
combination of conditions before they can occur. Few of these organisms can survive 
sustained temperatures above 40°C or below zero.
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The new science of ecology states that all living creatures have to be adapted to their 
environment in order to survive and reproduce their kind. There is an infinite variety of 
stratagems by which living organisms come to occupy different niches and to produce the 
incredible variety of shape, colour, movement, patterns of courtship, of escape and 
challenge which make up the richness of the biosphere (Ward and Dubos 1972; Odum 
1976; Ehrlich, Ehrlich and Holdren 1977).
Emphasising the physiological needs, Heschong (1979) suggests that the oceans could 
provide a stable thermal environment where organisms were able to live without much 
thermal stress, because the temperature of the ocean, and thus of the organisms, varies so 
little, and only very gradually. The atmospheric environment over the land, however, 
experiences great swings of both humidity and temperature. Over most of the earth's 
surface the optimum conditions for human existence do not occur. In the polar regions 
and above the snow line on mountain ranges the climate is too cold. In the semi-arid and 
desert zones the temperature is too hot.
The surface of the earth is continually being heated up and cooled down with each daily 
cycle and each yearly cycle. The ground surface heats up the air near it, driving the forces 
of weather that can quite suddenly change the atmospheric environment over the course of 
just a couple of hours. The successful functioning of the human body depends upon 
conditions of both internal and external environments. Plants and animals generally 
require temperatures at which water stays liquid, for their body fluids are water 
containing dissolved substances.
Most species of the animal kingdom have developed some extra thermal advantages over 
plants to cope with adverse weather: they can move, for example, and thus explore all 
possible ways in search for a more secure and comfortable position within the 
environment, avoiding excess light, strong winds, rains, solar radiation, etc.. Broadbent 
(1973, p.431) suggests that man builds because he wants to modify the existing climate at 
a particular place, so that certain of his activities can be carried out conveniently and in 
comfort; and that when those activities cannot be carried out conveniently where he is, he 
travels to where they can be carried out.
Unlike plants, people can also move on to more distant places, migrate, and in this way 
they are capable to move quite long distances to a more favourable spot, and not be in the 
place when it gets unpleasant, too hot, too dry or too cold. Escaping harsh environmental 
conditions has been a scheme employed by people for a long time. Summer houses, 
Mediterranean villas, Florida homes, Caribean yachts, internal migration to sunshine 
states, all point to the living stresses that certain climates can evoke.
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Human beings, like all warm-blooded animals, evolved with a complex physiological 
system for regulating their internal body temperature. Humans metabolise food, 
generating internal heat in proportion to their activity. These vital processes of the human 
body occur with substantial energy exchange with the surrounding environment.
For these vital processes all the energy is derived from the oxidation of foodstuffs. Food 
digestion can be understood as an internal, vital process of converting matter into energy, 
not only to nourish life but also to assist our bodies with the energies necessary to 
moderate the stresses of the oscillating climate. A large proportion of this energy serves to 
maintain the body temperature and is ultimately given off as heat (by convection, 
radiation, conduction and evaporation). In this way humans use the heat naturally 
generated by the metabolism of their bodies.
When physical work is being performed the heat production then rises considerably. But 
even at rest and in warm surroundings, the heat production never falls absolutely, it is 
maintained at a certain level, called the ‘basal metabolism’. As it has already been 
mentioned (in section 2.1), one of the elementary physiological requirements for health is 
the maintenance of a practically constant body temperature.
This metabolic heat produced within the body must be lost to the environment at the same 
rate, or thermal stbrage (positive or negative) will occur in the human body resulting in 
significant discomfort. The environment must then be adjusted so that this energy 
exchange is regulated to a comfortable condition - so that the heat is lost from the body at 
the same rate as it is produced.
The assessment of the thermal environment, according to MacPherson (1962a), must be 
one of the oldest judgements made by man, and its antiquity has conferred upon it 
considerable respectability. The antiquity of such assessments and their comparative 
evaluation contrasts strongly with the relative modernity of the ability to attribute 
numerical values to prevailing environmental conditions, with the introduction of the 
thermometer.
In a broad sense, other than the sun, human bodies are roughly the warmest things in the 
surrounding environment. When it is cold, the simplest way to keep warm, (as discussed 
in section 2.1), is to interpose some matter in between our bodies and the environment, 
thus providing some degree of insulation to our bodies. This has been traditionally made 
either by means of clothing or/and shelter. Bedford (1948, p .l) emphasises:
Man is an adaptable creature: he can endure the climate of the equator or can live within the Arctic 
Circle. Yet, from the earliest times, he has sought protection from the rigours of winter and the heat 
of summer. Proper supplies of food, air and water are essential to life, but the maintenance of bodily
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warmth is also of vital importance. Indeed, at different periods in the history of mankind much 
ingenuity has been expended in improving the means of warming dwellings.
2. 2. 2 - The utilisation of fire
Earl Cook (1976) writes that for a long time man's only source of energy was the wild 
food he hunted, gathered and ate. He discusses that tools, such as the lever extended the 
power but not the energy of man's body and of other work animals. Clark (1975, p .l) 
adds that as the most vital Stone Age discovery, fire was a revolutionary advent that had 
many repercussions in the history of energy.
Bevirt (1991, pp. 1-2) emphasises: “It is hard to believe in this era of rapid change that 
over 80 per cent of the 50 000 years of mankind, man had only caves for shelter. And it 
was less than the past 10 000 years that fire was used in some form.” Graefe et al. (1994, 
p.36) have a different opinion, they note that the use of fire has a much longer history: 
“According to prevailing knowledge fire has been used by mankind for more than 1 
million years. It may be assumed that since that time people have not just been capable of 
using it but also of generating it whenever they needed it.”
At an early stage in the history of civilisation, people discovered the use of fire. Bevirt 
(1991) writes that after overcoming a natural fear, man learned that he could feed wood to 
the fire to keep it burning. He then moved it to his cave and could make his food more 
palatable and his body more comfortable. With fire people were able to live in many 
diverse habitats, not just the warm ones. Sparks and West (in Goudie 1981, p.12) have 
shown that the regularity with which hearths are found associated with the Middle and 
Upper Palaeolithic sites leaves little doubt that Neanderthal Man and his successors were 
capable of fire production.
When people first learned to use fire to keep themselves warm, they took the first big step 
in the employment of an energy resource; they made the first human intervention in the 
natural cycle of energy - a material was being used as fuel. The use of fire increased the 
demand for materials, wood to tend the fire, the variety of organic matter that could be 
eaten extended, it precipitated the manipulation of metals for tools and it extended the 
human habitat.
The use of fire as an energy source offered people an enormous potentiality to modify the 
micro-environment and to expand their food base by cooking. It can be assumed that fire 
allowed humans another mechanism, a third device (after clothing and shelter) to get 
warm; one independent of the fluctuations of climate and of their own metabolism.
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Acquiring the control of fire, people could generate heat and light at will to warm 
themselves and their environment.
Alberti in his book De re aedificatoria, (1988) has clearly suggested that the process of 
evolution does change as the simple recognition of the usefulness of some accidental 
discovery gives way to more purposeful and thoughtful innovation. The discovery of fire 
showed man an effective way to control and convert the chemical energy of a fuel such as 
wood into heat and light.
In fact, the use of fire for the purpose of human comfort provides us with the notion, in 
reference to the proposed framework (discussed in chapter 1), that the element of fire 
performs a complementary mechanism; an artificial (external to the human body) and 
controllable process of producing energy from matter, which was found to be very 
adequate in assisting the human metabolic process to achieve a more balanced and 
comfortable energy exchange with the environment.
Increasing experience (accumulation of information) enables people to adapt the 
environment to their needs in specialised and productive ways. Cultural acquisition - 
imitation, training and learning - became the main forces transforming people's way of 
life, to such an extent that systematic knowledge now shapes the way human institutions 
are organised and the way the behaviour of people is conceived (Freidson, 1986).
Man's basic reactions to the challenge of nature have been to learn and transform. The 
successful conquest of fire was in fact a dominant agent by which people have had an 
impact on the environment. It is not surprising that for many historians, histories of 
civilisation actually begin with the discovery of fire.
The control of fire has meant a new way of using or diverting energy supplies to people's 
own advantage. They could use the vast stores of energy locked in the forests to keep 
themselves warm or to explore harsh climates. This could extend their range and 
poaching into those areas hitherto reserved only for certain specialised animals. People 
could use the flames to intimidate creatures stronger and fiercer than themselves. The 
seemingly limitless forests became a source of energy which they could use without much 
concern.
The warmth of a Fire has been not only a relief from discomfort but a genuine prerequisite 
for surviving the cold and frost outside the material protective envelope of buildings, as a 
means of preparing food it is also considered one of life's fundamentals.
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2. 2. 3 - Comfort and civilisation
There seems to be a general belief in the civilising force of the warmth of fire. Hamilton 
(1973, p.34) is of the opinion that civilisation began in the world's equable climates 
(around the 21°C isotherm), then moved into cooler areas as people learned to clothe 
themselves and use fire. That the warmth of man's surroundings has a profound 
influence on his well-being is no new conception. Sauer (1969, pp.10-11) points out that 
through all ages the use of fire has perhaps been the most important skill to which man 
has applied his mind. "Fire gave to man, a diurnal creature, security by night from other 
predators... The fireside was the beginning of social living, the place of communication 
and reflection."
Social and cultural evolution, as distinct from biological evolution, opened up unlimited 
capacity for adaptation. The use of fire, Semper argues (in Ettlinger 1964, p.59), 
distinguishes man from the animal. Hence the hearth, giving warmth and allowing the 
cooking of food, becomes the first sign of human habitation and the initial social centre, 
'the moral element of architecture' near which civilisation began.
Another major development said to have set man above the animals was the development 
of speech. Until humans had developed words as symbols, the possibility of transmitting 
information, and so accumulating culture hardly existed. Indeed, the notion that fire 
induced the development of social association, and of the information system and even of 
language itself was the reason that inspired Vitruvius (1970, Book II, chap. 1) to write: 
The men of old were bom like wild beasts, in woods, caves, and groves, and lived on savage fare. As 
time went on, the thickly crowded trees in a certain place, tossed by storms and winds, and rubbing 
their branches against one another, caught fire, and so the inhabitants of the place were put to flight, 
being terrified of the flames. After it subsided, they drew near, and observing that they were 
comfortable standing before a warm fire, they put logs on and while keeping it alive, brought other 
people to it, showing them by signs how much comfort they got from it.... Therefore it was the 
discovery of fire that originally gave rise to the coming together of men, to the deliberative assembly, 
and to social intercourse.
Semper remarks even more directly (in Herrmann 1984, pp. 198-199) that before people 
thought of erecting tents, fences or huts, they gathered around the open flame, which kept 
them warm and dry and where they prepared their simple meals. "The hearth is the germ, 
the embryo, of all social institutions. The first sign of gathering, of settlement and rest 
after long wanderings and the hardship of the chase, is still the set of the fire and the 
lighting of the crackling flame." He concludes that the hearth became a place of worship, 
a long lasting symbol, it effectively contributed to the rise of social institutions.
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“Almost every village had a communal fire,” Bevirt (1991, pp.1-2) writes, “fire was so 
precious to the community and to the civilisation of that era that its maintenance became a 
part of the religious rites.”
Semper (quoted in Herrmann 1984) included the hearth as one of the four in his 'four 
elements of architecture' theory. Certainly one of major importance, as he writes:
Protection of the hearth. There is no need to prove in detail that the protection of the hearth against the 
rigours of the weather as well as against attacks by wild animals and hostile men was the primary 
reason for setting apart some space from the surrounding world. ...Enclosures, fences, and walls were 
needed to protect the hearth, and mounds were needed to make it safe from flooding... thus, four 
elements of primitive building arose out of the most immediate needs: the roof, the mound, the 
enclosure and, as spiritual centre of the whole, the social hearth.
He proposes that round the hearth are grouped these three elements protecting the fire 
against hostile nature: the roof, the enclosure or wall, and the platform or substructure on 
which the hearth is raised above the ground. For him the evolution of architecture is seen 
in the ever varied combination of these four elements and the ever growing artistry 
employed in enhancing their appearance. He understands that the use and combination of 
the four elements are governed on the one hand by natural conditions, such as geography, 
climate, available materials, etc., and on the other hand by sociological factors due to 
differences of race, religion, constitution, and so forth.
Shuffrey (1912, p. 1) emphasises that in primitive habitations the fireplace was the central 
hearth, the focus around which the walls were built; hence the necessity for a screen to 
protect it from the wind, as well as the person from the draught. He considers this to have 
been an important factor in the development of that round form of house which is thought 
to have been the earliest.
As it has already been noted, humans are known to have used fire since the dawn of 
civilisation and they made use of fire for a great variety of purposes, among many others: 
to provide warmth and light; to clear forest for agriculture; to improve grazing land for 
domestic animals or to attract game; to deprive game of cover; to drive game from cover 
in hunting; to kill or drive away predatory animals, ticks, mosquitoes, and other pests; to 
repel the attacks of enemies, or to bum them out of their refuges; for cooking, to break up 
stone for tool-making; to make pottery; to smelt ores; to harden spears; and to make 
charcoal, indeed a remarkable utility.
When humans first mastered the use of fire, so it is supposed, they were confronted with 
the problem of how they could use it the best to warm their bodies and supply them with 
a comfortable indoor environment when it was cold outside. Human control of the indoor 
climate has been ever growing but mainly in the two directions of warming and drying the
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air. In this sense the case of air conditioning may be said to have begun with the first 
prehistoric people who built a fire in their cave, and so, in such a crude and unscientific 
way 'conditioned' the air of their immediate environment to their lilting.
Heschong (1979, p.12) maintains that the use of fire as a heat source might originally 
have been quite secondary to its other uses; as a way to prepare and cook food; as a way 
to smoke out pests and discourage predators; and on the most primal level, as a focus of 
mystical fascination. She goes on to advocate its symbolic significance: "Warm and 
glowing like a little piece of the sun, growing, moving, and dying like some bodiless 
spirit, the fire seemed to have magical properties. It has been hypothesised that some of 
the first efforts at building were attempts to shelter the sacred fire from rain and wind."
Indeed, according to the history of architecture, it is quite easy to confirm that the most 
primitive dwelling of many cultures was typically, and in many cases still is, just a small 
round shelter with a fire pit at its centre, tittle more than a campfire within an enclosure. 
Parlour (1990, p.4) points out that from the earliest times, people throughout the world 
have constructed buildings which incorporate some form of heating and ventilation 
system in order to achieve comfort. He indicates that in very primitive buildings the 
ventilation consisted merely of openings in the walls and roof providing a means of 
escape for the smoke and cooking odours generated by an equally primitive open fire.
With the fire comes the hearth, as Atkinson and Bagenal (1926) put it, upon climate also 
depends the importance of the hearth and its use for comfort as well as for cooking.
Climate changes the mood and character of a race migrating northwards out of the parent sunshine and 
driven to compensate itself as best it can for lack of light. The hearth then becomes the 'focus' of the 
dreams which men substitute in long dark winters for direct sensuous enjoyment. This also influences 
their religion. Architecture reflects the difference between the races that worship their gods in the open 
air and those who are driven indoors to worship.
2. 2. 4 - The energy of fire in architecture
Architecturally, the use of fire has provided an extensive list of contributions. In the 
material sense; in ancient times the builder or the designer simply could not conceive of 
buildings that required anything more than the locally found stone, clay, and the common 
biological materials - wood, animal skin, reeds, etc. In its physical and solid existence; 
one of the great moments in the development of architecture came in Babylon when 
people first discovered that they could modify the nature of materials, for example, 
changing clay to brick by thoughtfully heating it.
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The production of fired bricks, the burning of lime and plaster to be used as mortar or 
bonding agent for jointing probably gave rise to the development of new possibilities both 
in building materials and the production of tools from artificial materials (ceramics, 
bronze and iron) for whose production fire is indispensable.
In general, the production of artificial materials, in particular those for whose manufacture 
fire is essential, such as ceramics, burnt lime, cement and iron have all given rise to 
important developments in architecture. In addition, fire could promote both the 
fundamental properties of the heat that penetrates, goes to the interior of things, and also 
the visual play of light, texture and colour over the surface of things.
The fired brick has a higher weather resistance and hardness than the sun dried mud 
brick. Graefe et al. (1994) advance the idea that the standardisation of bricks is an 
inevitable result of the method of production; its relatively small and handy size helps to 
produce an infinitely large number of variations of building structures, they suggest that 
bricks mark the beginning of mass-produced building materials.
Fire took men to the metal ages. The relative durability of the new materials (bronze and 
iron) ameliorated the existing tools and implements, and as they became more 
sophisticated and versatile, so did the decoration and embellishment of buildings.
Regarding the pattern of use of spaces within buildings and even the rhythm of people’s 
activities, Hamilton (1973, p.124) gives an idea of the frequent changes related to the 
forms of energy commonly used, which people rarely become aware of: "It may 
sometimes be difficult to appreciate how much difference it has made to our lives having 
energy supplies readily available where and when they are wanted. Before that stage 
men's lives were regulated - much as animals' lives - by nature's whim." The working 
day was almost entirely governed by the passage of the sun. W ithout efficient 
illumination the range of activities that could be carried on after dark were severely 
limited. Cooking, the provision of warmth, family life, all revolved around the wood or 
coal fire.
No doubt that Shuffrey (1912, p.4) offers a picturesque image when he writes that the 
term 'hearthmen' is significantly applied to those familiar retainers who sat at the same 
fire as their lord, and at night retired to the same dormitory. "A bed, made of rushes and 
covered by a coarse kind of cloth manufactured in the country, called brychan, is placed 
along the side of the room, and they all in common he down to sleep. The fire continues 
to bum by night as well as by day at their feet, and they receive much comfort from the 
natural heat of the persons lying near them."
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Fire is always accompanied by heat and smoke; heat is most wanted, but smoke must be 
discarded. In describing buildings of the eleventh century, Kerr (1871, p.4) states that the 
ordinary Saxon dwelling-room - the hall - was the one universal sleeping-room of the 
household. The walls were constructed of woodwork plastered with clay and rudely 
ornamented; the roof was substantially covered with thatch, or more neatly with shingles. 
The floor was of earth; there were small windows along the sides, closed by wicker 
shutters or canvas frames. The fire of logs was lighted in the midst of the floor; and the 
smoke, clinging for a while amongst the blackened roof-timbers and the stock of dried 
meats, escaped through openings in the gables or a funnel in the thatch.
The traditional open fire has always presented the two main problems of being wasteful 
and the production of smoke. Bevirt (1991) asserts that for a while people had both the 
heat and smoke, chimneys were not generally used until early in the fifteenth century. He 
describes that up until the twelfth century, the cooking and heating fire was in a central 
hearth in the main room of a house. The smoke from the fire went through a hole in the 
centre of the room ceiling. All dwellers slept around the fire at night.
Kerr (1871, p.24) suggests that around the thirteenth century fireplaces were few; the 
hearth was still in the midst of the hall; the kitchen had an open roof or would certainly be 
a detached building, as it continued to be for a long time afterwards, on account of the 
risk of fire; and portable braziers filled with embers were too often the only means of 
warming other apartments. Glass windows were almost monopolised by the church.
In Europe, as late as the Middle Ages, it was still common practice to have an open fire in 
the centre of a room with the smoke escaping out a hole in the roof gable. Around the end 
of the Middle Ages the notion of a chimney to channel off the smoke of the fire began to 
take hold. With the utilisation of chimneys each room of the house could have a fireplace. 
Bevirt (p. 5) asserts that the primary effect of separately heated rooms was to separate the 
social classes and to introduce the concept of privacy for the first time.
Unfortunately, it was learned only by trial and error that the chimney needed to be made 
of fireproof materials. After many disastrous fires, like the famous great fire in London in 
1666, towns began to institute laws forbidding the use of wooden chimneys. People soon 
realised that a stone or brick chimney not only was safer but also absorbed heat from the 
fire and later reradiated it back into the room. To take advantage of this form of heat 
storage, people began to build massive masonry chimneys. In Northern Europe, these 
chimneys evolved into a huge central mass that might incorporate a number of fireplaces, 
vents, and flues, with a sleeping loft on top where a bed could be kept deliciously warm.
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The Dutch climate is not an extreme one, but the conditions of the country make for damp 
winters. Rybczynski (1987, p.58), speaking of the Dutch houses in the seventeenth 
century, indicates that in the absence of firewood (Holland has few forests) the only way 
to achieve some comfort was to wear many layers of clothes.
In some European countries, rooms had become huge during the seventeenth century, in 
France they had been impossible to heat. Louis XIV’s chateau in Versailles, for example, 
had many magnificent fireplaces, but these were found to be more ornamental than 
practical (Rybczynski 1987). In the French bourgeois houses fireplaces had been places 
to cook in, and not very effectively, sources of warmth.
Around 1720, as Braudel (1981) points out, builders discovered how to build fireplaces 
and chimneys in such a way as to induce a draft. This not only eliminated the smoke, but 
it also improved combustion, throwing more heat into the room. If the combination of 
smaller rooms and better fireplaces should not be called a ‘revolution in heating’ as he 
claims, it was at least a major improvement in what had previously been a neglected field.
New houses were built with smaller, more efficient fireplaces; many old fireplaces in 
existing houses were cut down in size and converted. The efficiency of these new 
fireplaces was enhanced by the use of folding screens, which could be set up behind the 
sitter to contain the warmth and reduce drafts (Rybczynski 1987). He remarks that 
comfort was greatly improved. Although in 1898 central heating and ventilation were 
already advanced technologies, an American book The Decoration o f Houses maintained 
that open fireplaces were the only acceptable form of heating. This book warned (in 
Rybczynski, p. 147): “it might be said that the good taste and savoir-vivre of the inmates 
of a house may be guessed from the means used for heating it.”
The manifest importance of the fireplace in architecture has become obvious, as it is 
reported by Shuffrey's own words (1912, p. 195):
Many books on architecture, furniture and decoration were published during the eighteenth century by 
architects, decorative artists, carvers and cabinet makers, in which designs for chimney-pieces appear as 
frequently as illustrations of the five orders, without which they were considered by their authors 
incomplete...The fireplace is the natural focus of interest in the decoration of a room, and merits the 
greatest care and attention. How dull is a room without one! Other means of heating will produce the 
required temperature, but will not satisfy the artistic sense.
Open fireplaces with the chimneys became the typical method of heating. Wood and 
charcoal were the prevalent fuels for many centuries and large quantities of fuel were 
burned. Coal did not come into extensive use until the eighteenth century and then only 
because of a prospect of shortage of wood which was growing scarcer and dearer every 
year (Butti and Perlin 1981).
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Rooms heated by fireplaces, depending solely on radiation were not very comfortable, 
people sitting next to the fire feel roasting; while those sitting away from the fireplace feel 
cold. After the Second World War, Pinckheard (1946) warned that domestic heating was 
one of those things which architects have taken for granted. He wrote prophetically about 
the meaningful role of the open fire:
...the recent official restriction on the use of more than one solid fuel burning appliance per house, and 
...the tendency to replace the open fire by the openable stove. The openable stove delivers more useful 
heat for a given quantity of fuel than does the open fire - even including the new improved designs - 
and in the present national fuel situation this advantage may prove decisive, notwithstanding the deep- 
rooted preference for the traditional open fire. It will be interesting to see how far people are prepared 
to sacrifice a warm house for the sake of the local warmth and the visual stimulation of the open fire. 
Architecturally, the effect of the eclipse of the open fire would be, I think, to deprive the room of its 
customary focus and to stimulate the creation of some alternative centre of interest quite dissociated 
from the source of heat. Perhaps the television set will fill this need.
The difficulty in supplying clean and inexpensive energy critically limited building 
services technology. Ventilation and heating, so far, had been crude and ineffective 
because they worked based on gravity and natural convection. The most advanced 
method of heating for many centuries was the Roman Hypocaust, which was a form of 
floor panel radiant heating, but this method was extremely expensive, even for the 
Romans (Butti and Perlin 1981).
Architecturally, the thermal performance of a building should be perceived as an effective 
element of design. As Heschong (1979) puts it, thermal qualities such as warm, cool, 
airy, radiant, cozy are meaningful elements of people's experience of a building; they not 
only impel what they decide to do there but also how they feel about the space.
Probably because fire is so ambiguous and misleading in its legendary, philosophic and 
symbolic meanings, the technical knowledge and theory was slow to develop. Relevant 
implications of the use of fire in buildings have had little or no historical related studies. 
Architectural bibliography shows that this fascinating subject matter has not been 
approached systematically. This situation is also of concern to other fields of knowledge, 
as Bachelard (1964, p.2) remarks:
Contemporary science has almost completely neglected the truly primordial problem that the 
phenomenon of fire poses for the untutored mind. In the course o f time the chapters on fire in 
chemistry textbooks have become shorter and shorter. There are, indeed, a good many modem books 
on chemistry in which it is impossible to find any mention of flame or fire. Fire is no longer a reality 
for science. Fire, that striking immediate object, that object which imposes itself as a first choice 
ahead of many other phenomena, no longer offers any perspective for scientific investigation.
It should be stressed that the scientific aspects of combustion have been seriously studied 
(eg. fluidised bed). The prevention of fire in buildings has also been a topic for applied
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research. Obviously the mystical 'properties' of fire are not a suitable topic for science. 
However, within the built environment, the same disdain seems to exist. Confident that 
other energy forms, such as coal and gas, have existed between fire and electricity, 
Heschong (1979, p . l l )  affirms:
To fire, we have added other sources of energy, such as electricity, to power equipment that has given 
us ever more precise control over the thermal environment. Fascination with this potential for control 
of our environment has prompted the invention of mechanical systems that have made natural thermal 
strategies seem obsolete by comparison. Thermal conditions are commonly standardised with the use 
of modem mechanical systems that can be specified, installed, and left to function independently of the 
overall design concept. Environmental control systems tend to be treated rather like the Cinderella of 
architecture; given only the plainest clothes to wear, they are relegated to a back room to do the 
drudgery that maintains the elegant life-style of the other sisters: light, form, structure, and so forth.
Both the functional and the symbolic values attributed to fire, consciously incorporated 
into works of architecture represent just a few well documented cases in the technical 
literature. Among them, to give only a few examples, is the way the Romans heated the 
rooms of their villas by means of hypocausts and movable braziers, in which charcoal 
was the fuel used. The remains of these hypocausts show them to have been very 
elaborate systems, by which the floors and sometimes the walls of the various rooms 
were heated by hot air from a chamber beneath.
In a simpler and more recent version, Frank Lloyd Wright has frequently interpreted the 
association of fire as part of the human conception of the earth's interior. In his designs, 
he usually leads people down to the fireplace, where they may warm themselves. In 
several of his houses, Taliesin West, Hanna House, and Wingspread, the stone floor 
around the fireplace is several steps lower than the rest of the floor. In all Wright's 
houses the fireplace and chimney-piece are the central and integrating architectural motif.
In studying such a topic, one must admit that the use of energy has been a key to the 
supply of food, to physical comfort and to improving the quality of life beyond the 
rudimentary activities necessary for survival. However, the utilisation of energy depends 
mainly on two factors: availability of resources and the technological skills (information) 
to convert the resources to useful heat and then, to work.
Modem industrial civilisation has exhibited strong dependence for its existence on human 
control of the environment. Simple comfort requires that in most parts of the world 
buildings must be artificially heated or cooled during at least some part of the year. Rising 
standards of living have also made people more intolerant of the conditions which in the 
past might have been acceptable in factories, offices and at home. Some manufacturing 
processes themselves are requiring ever-closer control of environment.
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Fire, the perpetual protagonist which helped people to keep them warm, bake their pottery 
and their bread, cook their food, clear the forests, fertilise the fields and smelt metals, 
was for a long time regarded as no more than a source of heat. Fire provided mankind 
with a limitless supply of energy for many thousands of years, before other forms of 
energy were discovered. Power devices able to convert energy into useful work have 
been part of a recent historical development (see section 2.4). It was due to the talent of 
mankind; their intelligence in collecting and refining information, that the heat of fire was 
ultimately converted to mechanical work with the invention of the steam engine.
Since then the situation has altered radically, civilisation has now readily available an 
ample choice of different sources of energy (complementing the solid fuels of the old ages 
- sticks, wood, coal - by oil, petrol, kerosene, diesel, natural gas, hydro electricity, solar 
and wind power and, last but not least, by nuclear power) as well as a rich collection of 
energy converters.
Nevertheless, the basic use of fire persists in some countries*. The fire still holds as the 
symbol of a tamed power; the hearth (the centre of household use) and artificial comfort.
Revelle (1976) indicates that sample surveys in villages and towns in India were conducted by the 
Energy Survey of India Committee during the early 1960s. They reported that about 120 million metric 
tons of wood, 50 million tons of dried dung, and 30 million tons of vegetable waste were burned each 
year.
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2.3 - The development of agriculture (converting solar energy into organic matter, 
therefore storing energy.)
Instrumental additions to man's somatic endowments (matter - shelter, and energy - fire) 
have been discussed along the two previous sections of this chapter. The first big jump in 
energy use came about when animals and plants were domesticated. According to Stoker, 
Seager, and Capener (1975), this accomplishment tripled the amount of energy available 
to do work, and the only cost was a little food that had to be gathered for the animals.
This section discusses the systematic use of solar energy indirectly through the biological 
system that produced wood, vegetables, grains and animals. It characterises a great 
human advancement; one that brought with it the first evidences of stable, fixed human 
settlements hence solid, permanent buildings.
2. 3. 1 - Growing energy stocks
The dilemmas of human settlements are well recognised to be the sphere of action of 
professionals such as the economist, the sociologist, the traffic engineer, the urban 
planner, etc.. However, when it comes to the point of understanding the complex 
structures that characterise the human situation today, it is probably prudent to consider 
the natural setting to the problem, because despite all technological developments, 
humans are still subjected to the physical, universal laws that prescribe the comportment 
of all living things and set the limits to their numbers.
At one time the biosphere consisted entirely of natural ecosystems. The typical natural 
ecosystem receives energy from the sun, uses some and loses it progressively as heat. 
Matter is taken up from the surroundings, cycled through organisms and returned to the 
surroundings. Brown (1971) writes that throughout most of human existence their 
numbers have been limited by the supply of food. For about two million years people 
lived as predators, herbivores and scavengers. Under such circumstances the biosphere 
could not support a human population of more than 10 million.
Long-term climatic changes, so it is conjectured, slowly transformed forests into open 
woodland. The primate ancestors slowly adapted by changing from vegetarian foragers to 
being hunters and gatherers. Altman and Chemers (1984, p. 123) indicate that people 
have existed on earth for some 2 million years and have lived as hunt-gatherers without 
permanent, settled communities for over 99 percent of this time. Only in the last 10 000 
years have people farmed, domesticated animals, used metals, and learned how to 
harness energy beyond that of their own bodies. They state that once people settled down 
to become farmers or to raise animals, territorial behaviour became quite prevalent.
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Although human beings seemed biologically never wholly adapted to one particular 
environment as are most animals, they were in principle adaptable to almost every 
possible environment, ranging from the Arctic to the Tropics, provided they 'completed' 
themselves by devising the tools required by the situation (Van Arkel 1974). The array of 
tools, their usages and purposes meant that people had to face an ever-increasing number 
of choices as to what instrument to use and how, and this implied an ever-increasing 
necessity to evaluate the situation. They had to make conscious interpretation of their 
sensory information in order to be able to make the right choices.
Humans' natural endowment to ingest both animal and plant material suited them 
exceptionally, humans' diet has probably the widest range of all. This has enabled people 
to prospect new territories, to move from place to place and live almost anywhere on 
earth. History has shown that it did not matter too much whether people assumed a 
herbivore, omnivore or carnivore role.
Food is the fuel for mankind; an extraordinary form of energy uniquely adapted to 
humans' needs. The provision of energy by food and the control of energy by shelter are 
the mainstays of human life on earth. Food acts as a regulator of people’s activities, a 
huge business, a part of their culture and the essential of their existence.
With agriculture and the domestication of animals, humans began to shape the biosphere 
to their own ends, and this permitted increases in their numbers. The land with its mineral 
nutrients and water provides a place for plants to grow, and they convert solar energy into 
the nutrient energy that man and animals can use. Kormondy (1976) develops a practical 
principle about the flow of energy and materials in an eco-system (Fig. 5).
Fig. 5 - Kormondy's simple model 
of the flow of matter and energy in 
ecosystems (Source: Kormondy 
1976, p. 4)
A modem agricultural ecosystem has a big output: energy and matter are continually 
produced and exported to cities and markets. Most of the functioning of urban 
ecosystems centre on the human population, where there is considerable input,
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considerable output and little recycling. As it can be observed, matter may be recycled, 
but energy flows through the system one way; being ultimately dissipated to outer space 
as low-grade heat. In a more poetic way, Wells (1980, p.5) writes about this flow:
Last year, somewhere in Florida, on the leaves of a forgotten sugar-cane plant, a bit of sunlight ended 
its eight-minute dash to earth. Somehow, the plant turned that sunlight into sugar. Somehow, the 
sugar got into my sugarbowl, and into my morning coffee. I sipped last year’s sunshine at breakfast. 
Now it’s in my blood, and it starts to feed these old architect-muscles. It’s dark now, and I start for 
home. My muscled sunlight suddenly becomes pedal-power, then chain-pull, wheel-spin, generator- 
whine, filament-heat, and finally-from the headlamp - light again!....No power companies, no batteries, 
no nuclear power plants; just a bit of last year’s sunlight passing through me on its way back to light 
again.
The conversion of radiant energy to chemical energy by plants represents the way in 
which solar radiation can directly enter the biological system of this planet. Indeed, 
modem science has firmly established that the sun provides the energy without which 
nothing could grow and nothing could feed. The sun is the ultimate source of the energy 
of life on earth. And life is in itself the most intricate and delicate energy system of all. 
The energy-capturing process on which all life depend is photosynthesis, which literally 
means putting things together by the help of light.
Man's early existence as a hunter and food-gatherer (a mode of life still practiced by some 
aboriginal people) did not alter significantly the flow of matter and energy within the 
natural environment. It left the general balance of input and output of energy 
(photosynthesis and respiration) roughly undisturbed. The uncertain energy supply of 
food gatherers reflects in their precarious existence and transportable possessions. 
Cottrell (1955, p.24) notes that everything for them should be simple and light in weight. 
Housing must either be improvised at many different sites or be very easily transportable. 
No great energy could be devoted to the erection of permanent structures; the size of the 
social unity was necessarily small (to prevent exhaustion of the local supply of energy 
sources); and division of labour was minimal, for almost everyone must spend a great 
deal of time and energy in the pursuit of food.
As accumulated information increased, agriculture made it possible to extract more food 
from a given environment, it provided and secured an energy surplus. Forde indicates (in 
Cottrell 1955, p.31) that as the energy available to man increases, the variety of his 
activities increases. Cottrell writes that civilisation depends on the appearance of such 
energy surpluses, and that all the complex and multitudinous aspects of civilisation are 
impossible except where surplus energy exists in considerable quantity.
Food in contemporary life consists of various layers of sophistication; it implies many 
activities, processes and artefacts: meals, kitchen, food products, processing and
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packages, supermarkets, refrigeration, transport, prices, diets, marketing, wastes, 
pollution, energy, and so on. The culture of food preparation and eating, known as 
gastronomy, presents some peculiar analogies with architecture. The word ‘taste’, for 
example, is frequently used in architecture, implying exactly the same meanings as in 
gastronomy - the expression of quality, discernment, perception and criticism - it also 
extends its meaning to sensitivity to temporary fashions (Collins 1967).
This analogy between architecture and gastronomy has been the subject of a chapter in 
Collins' book Changing Ideals in Modern Architecture. He points out that the word 
‘taste’ meant originally only the sensation excited in certain organs of the mouth, and that 
its metaphorical adoption in the seventeenth and eighteenth centuries as the standard term 
for what is now called ‘aesthetics’ implies a clear recognition of the importance of this 
faculty as key to understanding the nature of human discernment.
Human food requirements are ultimately met through conversion of solar radiation to 
useable energy, a conversion in which the role of climate is highly significant. 
Architecture, the provision of shelter also depends largely upon the conditions of the 
environment in which people live, and climate is one base on which the nature of the 
building needed is determined. Since human existence depends upon the production of 
food, it is not surprising that the observation and study of climatology has been the focus 
of much research.
The analogy persists and may be justified because both architecture and gastronomy are 
concerned with the conservation of mankind, they are necessities rather than luxuries. 
And their appreciation is highly subjective and influenced by fashion. They also concern 
something which can be seen as both science and art. In addition to having a basic 
physiological relationship with architecture and food, people have attitudes about them, 
including preferences or likes and dislikes for buildings and food.
Collins (1967, p.168) suggests that gastronomy, like architecture is scientifically based 
on the combination of a number of prepared materials, arranged according to an ideal 
sequence or plan; and artistically, they both require intuition, imagination and an immense 
amount of organisational skill. Finally, gastronomy is also something more refined and 
more expensive than plain, natural food, just like architecture is more than just plain, 
ordinary building.
Fitchen (1988, p.213) writes that throughout the past, native buildings have reflected the 
ways in which the climate of a given region has affected, directly or indirectly, the nature 
and source of a community’s food supply and, therefore, the activities and life-style of 
the inhabitants. For example, hunting cultures tended to live in either transportable
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dwellings (Indians tepees) or seasonal habitations (eskimo igloos). Somewhat the same 
seminomadism obtained for peoples whose livelihood depended on their herds, as 
summer and winter pastures were often separated by treks of many scores of miles (thus 
the transportable yurts of Central Asia). Jungle dwellers have had to relocate almost every 
other year because of the rapid exhaustion of the soil’s fertility in the clearings hacked out 
of the seemingly lush rain forests. Desert peoples living in fixed communities have been 
totally dependent on a reliable (often man-made) water supply by which they could make 
the desert bloom.
With a wider range of economic and social activities permitted by agricultural surplus, 
people increased their ability to manipulate matter, energy and information, and 
adaptations of the surrounding environment developed into a history of sound 
architectural accomplishments, mastery over the indoor environment, and unfortunately 
some environmental abuses.
2. 3. 2 - Energy surplus through domestication of plants and animals
Agriculture is an energy delivery system rather than an energy supply system. The food 
energy in agricultural products represents the channelling, concentrating and delivering of 
solar energy collected by plants. With the advent of the agricultural revolution, human 
regular activities and fixed settlements reduced the high diversity of the natural 
ecosystems - in a selective way - in order to store solar energy in plant and animal tissue 
edible and consequently useable by mankind.
Agriculture freed people from the necessity of searching and foraging for food. The 
adoption of food-producing behaviour and the gradual assimilation of farming techniques 
such as the domestication of plants and animals gave mankind the potential to use solar 
energy, a most abundant source of energy. The domestication of draft animals greatly 
increased the mechanical energy available to those who possessed them.
Bourne (1976) proposes that ecosystems fall basically into two categories, mature 
(climactic) and immature (successional). The latter, as the term implies, tends towards 
maturity, so that in practice all grades of system exist from newly developing to 
established systems. In all cases, the energy base is provided by the sun and the rate at 
which the solar energy is 'fixed' by the photosynthesising plants sets the limits on the 
system's productivity.
He explains that in a ‘mature’ ecosystem the net productivity tends to zero, that is, there 
is little or no energy remainder. Such systems take a long time to develop and are self- 
sufficient and characterise the most efficient, complex and stable of all ecosystems. The
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complexity and rich diversity of their constituent species assure that should an 
environmental crisis occur some part of the system will survive.
The great diversity of species also provides a gene bank from which new species may 
arise, particularly in times of changing environmental conditions. In contrast to these 
‘mature’ systems, the ‘successional’ ecosystems are simpler, and therefore more 
susceptible to changes.
However, because successional ecosystems tend normally towards maturity, in case no 
human interference occurs, they gradually achieve greater complexity and thereby miss 
their vulnerability to alterations in environmental parameters. As Bourne points out these 
developing ecosystems have a generous net productivity, especially in their earlier 
developmental stages and hence they can support large populations of a few species.
As the system matures it increases in complexity and attains a greater diversity of species 
with small populations. Bourne suggests that all organisms, without exception, occupy a 
niche in one or other of these ecosystems, and in his opinion it seems that this is a rule 
that is as immutable as the second law of thermodynamics.
By making use of fire and domestication of animals and plants people have ensured that 
the ecosystem on which they depended would never advance to maturity. To maintain a 
large population of few species humans cannot allow the ecosystem to mature. Van Arkel 
(1974) observes that in prehistoric times humans went through the following cycle: 
man’s success as a hunter in Palaeolithic times resulted in so great an overkill of prey that 
the continued existence of many tribes was jeopardised or they were even obliterated. An 
important point to make is that in his remote past man became specially adapted to an 
unstable ecosystem.
The energy fixing plants and algae are the only way that solar energy can enter into an 
ecosystem; for Bourne (1976) the green plants are as it were, the energy terminals linking 
the stellar power source and the consumers (animals). Plants and algae are the only forms 
of life which can exist without eating other creatures. Kormondy (1976) distinguishes the 
plants as ‘producers’ and the animals as ‘consumers’.
Photosynthesis provides man with a source of food, fibre and fuel, because of this, 
forests have always made important contributions toward meeting the needs of most 
human societies. These contributions have changed in their importance throughout time; 
from the simple fuels, followed by the use of wood in building and ship construction, 
culminating in more complex chemical conversion processes and industrial production.
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Green plants and algae in water are able to use light from the sun to break down carbon 
dioxide and water and recombine the constituents, forming the complex carbohydrate 
molecules of living tissue. The plants' leaves capture just a fraction of the incident solar 
radiation and store it chemically by the mechanism of photosynthesis, this store becomes 
the energy supply essential for the existence of the plant and animal kingdoms.
Photosynthesis fixes carbon in the leaf and stores solar energy in the form of 
carbohydrates. It also liberates oxygen and later, with the decay or consumption of the 
plant material, dissipates the remaining energy. Photosynthesizing organisms are the 
basis of life for all other living creatures. Substances such as chlorophyll, fructose, 
glucose, etc., are formed and take part in the building of tissues. Some of the energy of 
the sun becomes locked into the chemical bonds of these substances and thereby stored. 
A permanent energy flux is the essential support of all natural, including human systems.
Thompson (1980, p.29) suggests that if the earth is our mother, then the sun is our 
father. Without the sun, there would be no life on earth. The sun nourishes the plants and 
the carbohydrates they produce ultimately drive the whole ecosystem.
The efficacy of the green plants is the most vital factor in an ecosystem and it is one that 
is dependent on a number of important environmental conditions - the length of daylight 
hours, air temperature, length of growing season, the availability of water, and above all 
on the supply of solar energy. The rate at which this energy is fixed provides the gross 
productivity of an ecosystem.
Van Arkel (1974) notes that as long as toolmaking of the Palaeolithic period had survival 
value for food-gathering and hunting communities (certainly limited because man, too 
successful, tended to overkill his prey), life was fairly simple, mainly involving magical 
practices and restorative offerings in order to guarantee a good hunt. It became more 
complex after the Agricultural Revolution, sprung from the seeking of berries, grains and 
fruits. In fact, the very acts of planting, sowing, hoeing and watering could not but be 
based on some cosmological interpretation of the ways and reasons why plants grow. 
More in particular, this is true for the great 'hydraulic societies', the great river-cultures 
such as were found in Mesopotamia, Egypt and the Indus Valley. He advances (p. 24): 
The high fertility of the well-watered valleys immensely enhanced the chances of survival, on condition 
that ways were found for centralised organisation and administration of irrigation and the drainage of 
superfluous water; on the condition that means of barter (or military organisations) were developed in 
order to obtain the minerals and metals necessary for the making of tools; on condition that systems 
for the measurement of time were developed in order to be able to calculate when to plough or to sow; 
and on condition that methods for storage and transport were developed. Where these challenges were 
met, very complex societies came into being. High yields allowed urban communities to emerge as
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centres of political organisation and of commerce where specialised artisans such as potters, 
metalworkers and wheelwrights formed their own 'guilds',... carefully preserving their business secrets.
The circumstances of this revolutionary change are not well known and controversy still 
exists over both the nature and the site of the beginnings of agriculture. Among many 
writers, the question about the origin of agriculture still remains a controversial one. It is 
generally thought to have begun in Asia Minor, in the 'Fertile Crescent' of Western Asia, 
and is believed to date from about 8 000 to 10 000 years ago. For Goudie (1981, p. 15), 
for example, some early archaeological theorists saw agriculture as a Divine Gift for man, 
while others thought that animals were domesticated for religious reasons.
The Agricultural Revolution must have begun with the selection and cultivation of plants 
(food crops do not often survive untended in the wild). It involves diverting water for 
irrigation, supplying fertilisers, and selective cultivation, by doing this people accumulate 
extra energy for themselves. This laborious operation promises a substantial increase of 
photosynthesis through which solar energy becomes human food.
The development of crop-culture and animal-culture by humans allowed a dramatic 
change in their relationship with the environment. Selective development of artificially- 
maintained species improved control over the ecological niches of competing animal 
species and allowed people to dominate their communities. Ecosystem disruption was 
caused by cultivation, using artificial plant patterns that increased the utilisation of local 
nutrient pools and caused erosion (House and Williams 1976, p.50). Introduction of 
planned food production led to increased localised population densities and allowed the 
support of a larger human population within a locale than had been possible.
2. 3. 3 - Increased capacity to do work and fixed habitation
As it was discussed before, life is made possible by solar energy, and the harnessing of 
solar energy through agriculture permitted the development of stable and fixed residence, 
solid permanent buildings, designed to accommodate methodical functions, regular 
human needs, and apt to adjust and withstand many seasonal cycles.
During this early period of civilisation, the meagre sources of power limited man's ability 
to build, irrigate, cultivate and survive. The prehistoric domestication of animals, in fact, 
represented an expansion and accumulation in the power resources available to man, but 
not by critical amounts. For many centuries, especially where they are native to the region 
or acclimatised to its conditions, domesticated animals (horses, mules, burros, llamas, 
camels, buffalos, oxen, yaks, elephants) have been used for transporting loads. They 
have been employed sometimes with wheeled or wheelless vehicles.
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The domestication of animals also added to man's control over the natural energy flows. 
Just as fire enabled him to tap the energy of the forests, the domestication of animals 
allowed the use of otherwise unavailable energy. Grass converts solar energy, but seems 
useless to people; if they put cattle or horses to graze on it, they can obtain food, and 
animal power. With the domestication of animals the grasslands became man's energy 
gatherers, vast natural solar collectors.
It is of significance to mention that the food requirements of the tame animals did not 
deplete man's own food supply. An exceptional undertaking which is a direct 
consequence of animal transportation is that a big cart or a wagon need a prepared trail or 
roadway sufficiently wide to accommodate them and free of disrupting impediments. 
Roads have been recognised as highly effective means of spreading and exchanging 
matter, energy and information.
Hunting and food gathering in small tribes or bands has been the predominant mode of 
living for the vast part of the existence of humankind. Now, in the twentieth century it 
barely survives as a way of life. The formation of semi-permanent and permanent 
communities certainly followed on the change from a hunter-gatherer way of life to that 
of pastoralist and agriculturalist.
This radical change was probably forced by the reduction in numbers of appropriate prey, 
brought on by people inadvertently overstraining their energy base (Van Raay and Lugo 
(ed) 1974). This transition conforms to the proposed framework in the sense that it is the 
decrease in the flow and availability of matter and energy that caused people to move to a 
more favourable site, one that could supply their demands.
Among nomadic and seasonally migratory peoples the relation of transportation to 
architecture must have been a constant concern. For it was not just a question of moving 
materials to and from the site but moving their structures from site to site. The need to 
move on to more favourable sites determined the types of architecture (Aronin 1953; 
Olgyay 1963); either transportable or throw-away type. Thus the yurts of the Central 
Asian Kazaks; the tents of the Bedouins; the tepees of the American Plains Indians; and 
the thatched roofs of some African tribes.
Although community life (larger groups consisting of several families), as some authors 
propose, probably began during the hunter-gatherer period and developed during the 
early pastoral times, it appears that it was in the beginning of settled agriculture that more 
permanent communities and settlements were founded. As Mumford (1966) puts it, the 
Neolithic village in all its simplicity is the antecedent of the modem city, lacking the size 
and complexity of the city, the village nevertheless exhibits most of its essential features.
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The primary human activities of hunting and food-gathering apparently could not sustain 
many people in large agglomerations. In order to survive, Palaeolithic man obviously 
needed complete freedom of movement. Mumford (1966) presumes that early man's 
conduct was somehow spontaneous and casual: one day, after a successful hunting, he 
could enjoy a full feast but he could also spend the following days starving.
At this stage, living was supported basically on a day to day basis, gathered in small, 
mobile groups, not bound to any permanent habitation. Actually, this is a common 
situation for many wild animal species.
When hunting and food gathering were replaced by agriculture as the major source of 
energy, a whole new area for development opened up. Settled communities required food 
all the year round. There was the need for irrigation (irrigation requires land survey and 
measurement, administration), for mechanical devices to work the soil and harvest the 
crop, for fertilisers, weed-killers, pesticides, preservation of food, food storage, etc.. 
The preservation of food was necessary to lock up its energy-giving qualities until one 
needed to eat it. Preservation has been important from the moment man ceased to be a 
nomadic food-gatherer, moving with the changing seasons to where the food was.
Meier (1962, p.29) emphasises the issue of information or communication as the force 
which tends to hold people together, he writes: "Let us imagine the condition of human 
society before man began to make inscriptions and records. At that time we find 
population distributed over the earth’s surface according to the density of natural 
resources, mainly food and water supplies. Since there was little storage of food, 
populations were forced to range in search of food in the off seasons." He calls this state 
of organisation as an ‘unspecialised food gathering society’.
It was the surplus of energy produced by centralised techniques, beginning with food 
accumulation against famine by subsistence farmers, that allowed specialisation and 
civilisation. Farmers were able to grow a surplus of energy to support nonfarmers, this 
meant that some people could devote their energies to occupations other than farming.
Human habitat was significantly extended through agriculture and animal domestication. 
Before the Agricultural Revolution most people must have spent their waking moments 
seeking their next meal, except after a feast. It was the surplus of energy by agriculture 
that made possible the emergence of fixed, permanent buildings.
Cities have become established places for an assured flow of matter, energy and 
information, featuring simultaneously both very high densities and steady continuation. 
They could become large only if they could draw on the agricultural surpluses of vast
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farmlands. Because the human populations of towns and cities have become large, flows 
of matter and energy are needed in considerable amounts. The greater the population, the 
greater is the input required. A considerable additional input of matter and energy is also 
needed to maintain high standards of living.
Permanent settlements began to appear, according to House and Williams (1976), 
partially because of the realisation that many production functions could best be 
undertaken collectively or by specialists in the community. The growth of settlement from 
centres for the appropriation and distribution of food surpluses into more complex cities 
was hastened by a growth in social awareness. Permanent settlements provided an 
attractive medium for the free exchange of ideas. In an atmosphere conducive to 
innovation of products and division of labour, collaborative efforts extended the zones of 
settled life into areas beyond initial centres of agriculture.
Fixed habitation represents one of man's greatest contrivance, it is the quintessence of the 
human capacity to initiate, manage and control changes in and around their habitat. It 
involves an intimate familiarity with every element of the environment and a long term 
modification of that environment. Through fixed habitation people have learned to live 
into a given environment and have created new permanent ones within which their 
realisations, their work, and nature can be perfected. This new setting and the importance 
to understand it have grown as human settlements and cities sprout in the modem world.
The physical built environment; the fabric of buildings and the urban infrastructure are 
not enough to support life. A living city can only exist where and when it is able to 
maintain a dense flow of matter, energy and information. The urban population has a 
highly organised culture including varied skills but it lacks self-sufficiency in the 
production of energy (including food).
The city may be thought of as an open system for perpetuating culture - information 
(Castells 1989). for Meier (1962, p.29): "cities were evolved primarily for the facilitation 
of human communication." For Gutkind (1964), the role of cities in the history of 
mankind has generally been a constant one: cities have been standard bearers for most of 
the decisive changes in thinking and history-making.
Cities do this by exchanging and converting great quantities of matter and energy. To 
function properly a city requires a concentration of skilled people, elaborate transportation 
and communication systems, and a hinterland that can supply the basic resources.
When people first settled permanently; isolated a space from the total environment, 
formed a place where they could live without planting, they established a decisive
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transformation in civilisation. They have created a new mode of living, one based not on 
production of matter and energy, but on the exchange or elaboration of these factors. This 
changed people's long and assiduous unity with nature.
It is in the urban environment where the minute, invisible bonds and manifold 
interconnections among each of the components within the flow are best established. 
Each bond can represent a potential field or a domain in the political, social, economic or 
cultural institutions of society. Humans, in pursuit of their needs, improved their 
competence to control and explore the prevalent flows of matter, energy and information 
of their localities. They introduced new processes, new products, new technologies far 
beyond the natural food-chain processes. Depending on the variations and intensities of 
the flow, people can finely tune their aspirations, skills and strengths to match the 
physical matrix of this 'economy' of resources.
The built environment now features high population densities. The concentration of 
material wastes per area is much greater than in other ecosystems. In many parts of the 
world waste accumulation (some of them toxic or non-biodegradable) has affected not 
only the quality of the surrounding environment, but the biosphere, as they are carried by 
the circulation of water and the atmosphere around the world.
Cities still are a relatively new phenomenon on the face of this planet. As an organism, 
the city draws massive environmental resources to its operation on the one hand, and 
discharges its products and wastes on the other. It manifests its capacity by 
concentrating, storing, transforming, and diffusing energy, matter and information.
One of the essential qualities of the stable, fixed human habitation is its strong solidity to 
withstand permanence. Long term certainty ensured by regular energy surplus made 
people build firm and impenetrable buildings in order to ensure convenient protection 
against the elements and keep animals away from the produces stored inside them. 
Another important quality of fixed residence is that it has an aggregative character. As a 
focus for human conviviality, it brings about consistent, steady, intense social 
relationships with prospects of mutually-supportive dependencies.
Worldwide, people from the countryside and from villages and towns stream into cities in 
search of a less erratic and intermittent way of life. In the hinterland people have for long 
suffered severe disruptions in their flow of matter, energy and information because of 
drought, flood, widespread proliferation of insects, road cuts, etc.. Among many reasons 
to move to the cities, people are in search of a more steady lifestyle, where they can get 
better and continuous education, employment and contentment (Gutkind 1964).
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2. 3. 4 - Urbanisation and the rise of specialisation
Surpluses of food made possible the division of labour (freedom from food production) 
and the development of trading those surpluses. Probably for these reasons, the term 
Agricultural Revolution is used, because it conveys the idea of a fundamental shift in 
economic and social organisation and the development of more complex social relations 
in human societies.
Rudimentary specialisation appeared as huntsmen, farmers, tanners, clan chiefs, with the 
prospect of improving utilisation of labour resources and information (House and 
Williams 1976, p.51). Complex, more specialised societies depend upon a subsistence 
base that is sufficiently intensive and reliable to permit sedentary settlements.
As people learned to produce and store food, they were compelled as well as enabled to 
settle in larger communities. With human energy released for a whole spectrum of new 
activities, there came the development of specialised crafts (Braidwood 1971).
House and Williams (p. 51) advance the idea that humans became dominant among 
competing species. Through technological adaptation, humans extended their habitat 
significantly. They depended less on occurrence of food since they could produce and 
store foodstuffs. Their capacity to damage an ecosystem was increased but, due to their 
low mobility and the limited extent of their artificial controls, damage was insignificant.
In 3 000 or 4 000 years the life of man had changed more radically than in all of the 
preceding 250 000 years (Braidwood 1971). A major new factor was the demand of the 
products of specialised functions, such as pottery, weaving, etc.. This represented a 
dramatic innovation from demand for food and protection. House and Williams (1976) 
write: "This new element, in particular, blossomed in the next stage because the rise of 
per capita agricultural productivity released portions of the population from subsistence 
employment. Man’s unique ability to retain culture allowed development of, and demand 
for, 'artificial' products and services not required as part of his natural functions."
With abundant energy supply in the form of food, there were many people who were able 
to think of things other than securing sufficient nourishment. Specialisation became 
possible; all the particular conditions for a new type of human being emerged (tool- 
makers, potters, spinners, weavers) and with specialisation, from the very beginning, the 
antagonism between the rural and the urban population.
If one examines the energy component separately, one realises that with the dominant 
urbanisation process that has been taking place throughout the last centuries, from day to
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day and season to season, the inflow and outflow of energy has remained in balance. 
However, less of this energy flux was diverted through life processes, and more through 
mechanical, industrial operations.
The so called 'Agricultural Revolution' could not have come about among habitual 
nomads. It is reasonable to expect that, for it to happen, the permanent occupation of a 
land, prolonged enough to accumulate some knowledge about the natural facts and to 
allow the chance of observing the whole natural life-cycle of growth, was indispensable 
(Mumford 1969). The practice of agriculture originated with those early settlers who had 
an insight into the natural processes and were able to reproduce them in a systematic way.
The increasing knowledge of the energy potential of the animals and plants enabled man 
to embark on the organised cultivation of plants for food and the control of animals for a 
source of food and muscle power. Ward and Dubos (1972, p.38) suggest that fire played 
its part in the development of settled agriculture:
To this day, in many subsistence economies, the basic farming technique is 'slash and bum'. The ash 
from burning trees enhances the soil... This was one of the techniques by which some ten thousand 
years ago, in various parts of the planet, men learnt to imitate nature's cycles of growth and thus 
began to free themselves from their...dependence upon hunting and food gathering.
Mumford (1966, p.10) remarks:
The first condition for an ample, reliable food supply arose in the Mesolithic period, ...At this point 
the archaeologists begin to find definite traces of permanent settlements, from India to the Baltic area: 
a culture based on the use of shellfish and fish, doubtless supplemented by other less certain supplies 
of food. With these Mesolithic hamlets come the first clearings for agricultural purposes; likewise the 
earliest domestic animals, the household pets and guardians: pig, fowl, duck, goose and above all, the 
dog, man's oldest animal companion. These practices of reproducing food plants by cuttings - as with 
the date palm, the olive, the fig, the apple, and the grape - probably derives from this Mesolithic 
culture. The time required for the growth of fruit - bearing trees itself denotes a continuous occupation 
and persistent care.
Mumford (p. 11) suggests that what is called the Agricultural Revolution was preceded, 
very possibly, by a sexual revolution: a change that gave predominance, not to the 
hunting male, agile, swift of foot, ready to kill, ruthless by vocational necessity, but to 
the more passive female, attached to her children, slowed down in movement to a child's 
pace, guarding and nurturing the young of all sorts, planting seeds and watching over the 
seedlings, perhaps first in a fertility rite, before the growth and multiplication of seeds 
suggested a further possibility of enlarging the food crop. Domestication in all its aspects 
implies two large changes: permanence and continuity in residence, and the exercise of 
control and foresight over processes once subject to the caprices of nature.
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He adds that for whatever else the village might be, it was a collective retreat for the care 
and nurture of the young. Stable village life had an advantage over looser itinerant forms 
of association in smaller groups in that it provided the maximum facilities for fecundity, 
nutrition, and protection. He concludes that by communal sharing of the care of the 
young, larger numbers could prosper.
The domestication of plants and animals made it possible to accumulate enough energy 
and organic matter to construct permanent adequate dwellings. Meier (1962) suggests that 
as the risks of starvation decreased, and the opportunities for human interaction were 
expanded, perhaps half the time available to adults could be devoted to social participation 
and trial-by-error approaches to techniques of manipulating the immediate environment.
When and why have urban life come into existence? Why didn’t people distribute 
themselves over this planet roughly in proportion to the concentration of natural 
resources? Before the advent of agriculture, most of the natural processes and systems 
that so strongly influenced the human condition were themselves not much influenced by 
what humans did; the interaction was largely a one-way street (Ehrlich et al. 1977). Fire 
and tools apparently were used to affect the local environment, both intentionally and 
inadvertently. But it was agriculture that marked the sharpest transition in the capacity of 
Homo Sapiens to influence the physical environment on a large scale.
From that beginning, which permitted specialisation and a scale of social organisation not 
possible among hunter-gatherers, arose a long series of technological, spatial and social 
developments that produced the agricultural and industrial civilisations that today virtually 
cover the whole planet.
Gutkind (1964, p. 13) tries to elucidate that perhaps the original rise of the cities is easier 
to explain than their subsequent development. "The first cities arose where and when 
agriculture was sufficiently advanced to supply food, not alone for the actual producers, 
but also for those who were not engaged in agriculture. This was the basic prerequisite, 
for artisans, craftsmen, soldiers, and traders who congregated in cities."
Civilisation and the founding of states and cities occurred when the increased efficiency 
of agriculture enabled society to exempt a large number of people from the daily work of 
collecting energy from dispersed sources of food. With a growing ability to harness 
energy and provide themselves with reliable food supplies, people found time to think 
and organise themselves. Sjoberg (1965, p.27) lists the prerequisites for the emergence 
of cities:
- a favourable ecological base, where climate and soil were favourable to the 
development of plant and animal life, so that relatively larger populations could be 
supported;
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- an advanced technology; and
- a complex social organisation.
Within the villages and cities, forms of specialisation other than agriculture and herding 
evolved. Propinquity, it seems, led to an accumulation of shared experiences and many 
opportunities were open for the citizen to engage in a wider range of affairs; crafts, 
pottery, weaving, basketry, tool making, and commerce represent the emerging variety of 
social roles and the extent to which life was becoming more elaborate. People became 
priests, craftsmen, politicians, thinkers, warriors, builders, architects.
Great changes followed the division of labour - with different levels of impact socially, 
economically and spatially. Section 2.4 will argue that some centuries later urban man is 
in risk of losing his sense of integrity, of individuality, and of origin, he is becoming 
alienated, a stranger within his own community. Many art forms (literature, painting, 
cinema) often depict modem man as a replaceable component in the complex social order, 
fixed in the same position, repeating the same operations, throughout his working life.
Meier (1962) asserts that the appearance of the village marked a transition that was to 
proceed with astonishing speed to the development of cities. Once such settlements had 
found ways to sustain themselves over the seasonal starvation periods normally 
experienced by the most primitive societies, an acceleration in the acquisition of new 
information and techniques was possible.
As stated before, towns and cities require enormous amounts of energy to support them. 
They are not self-supporting structures, they often rely on imported energy from 
elsewhere. Mumford (1961, p.107) supports the idea that further with the growth of 
numbers in population and the increase of wealth in the city rose another kind of 
distinction: that between the rich and the poor, which came in with the next great 
innovation of urban life, the institution of property.
Property, in the civilised sense of the word, did not exist in primitive communities; 
Mumford says that, if anything, people belonged to their land, more than the land 
belonged to them; and they shared its products, its fruits, in feast or famine. However, 
surpluses have always been disproportionately controlled by the wealthy. In his opinion 
the present social stratification is very much a consequence of this system, it remained for 
urban civilisation to create artificial famines to keep the worker chained to his task, so that 
the surplus might ensure the rich man's satisfaction.
People depend upon plants to make photosynthesis and have proceeded from there to 
convert the resultant energy for other purposes. The catalogue of architectural
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repercussions caused by the advent of systematised agriculture would be a very extensive 
one. Agriculture, as a process which stores energy of photosynthesis, directly influenced 
the structure of human settlements.
It was the agricultural surplus that allowed the development of a 'superstructure'; it was 
in the city that it was possible for the first time to spend an entire life in a specialised 
occupation. It is important to note that the increasing quality and volume in the flow of 
matter, energy and information offered in cities, and the prospect of appropriating part of 
this wealth of resources, served as a magnet, attracting more population and expanding 
the accretion of knowledge.
The gradual transition from a relatively homogenous distribution of population relative to 
energy resources (as was evident among ancient hunters and foodgatherers) to the 
consolidation of high concentration of people in towns and cities (dependent on the 
agricultural conversion of solar energy into food production) made the accumulation of 
information something really essential and visibly powerful.
In energy terms, the Agricultural Revolution, through plant and animal domestication, 
was the most fundamental step forward in harnessing the sun's energy, it enabled the 
development of the first human stable societies. This was not rivalled again until the cycle 
of inventions that began with the steam engine and reached its climax in nuclear power.
2. 3. 5 - The Agricultural Revolution and Bioclimatic Design
Clark (1975, p.3) suggests that early humans had only the natural architectural siting 
method of dealing with climate, combined with the use of fire to keep them warm in 
winter. He observes that as the first Bioclimatic Design techniques were developed, early 
humans succeeded in controlling their microclimate, in that way their communities could 
flourish by remaining stable and in one location.
He alleges that no longer did the population have to migrate with the seasons to escape 
the effects of unfavourable weather or cold winters. Bioclimatic Design was a crucial 
issue, successful adaptations meant survival, failure meant departure, losses or death. 
Agriculture permitted solid, permanent habitation, with the fundamental premise that 
architecture could guarantee stability and protection against the vicissitudes of climate. 
Clark (1975) concludes:
...Thus another use of primitive technology was required - the beginnings of 'climate control'...The 
beginnings of architecture arose as small communities were developed... They (houses) were all 
designed by necessity; to meet the climatic needs of the specific areas in which they were located.
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The Agricultural Revolution represents a human interference in the natural cycles of 
energy and renewable matter. It is a turning point in human evolution. According to Clark 
(p.19) the agricultural system has supplied the principal source of energy in the world 
prior to the Industrial Revolution. This system of energy supply was sufficient to feed the 
local population and work animals, and even allow some surplus for export.
The number in human population has been limited by the supply of energy in the form of 
food. Advances in food production, in harnessing new forms of energy and in science 
and technology have created the favourable conditions for an alarming population 
growth. Signs of stress on the biosphere are being reported more and more often (see 
chapter 4).
Recently, it has been realised that to survive, human settlements, buildings and cities 
must conserve energy, a necessity that has not yet been fully realised. Information and 
technologies that enable conserve large amounts of scarce high-grade energy are being 
developed. Through Bioclimatic Design, it is now becoming possible to design built 
environments that are more efficient in the use of energy and material resources, in which 
humans can live in reasonable harmony with their environment.
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2. 4 - The Industrial Revolution ( Matter in association with energy - machines )
Probably, the most critical turning points in the development of the built environment - 
understood as both buildings and towns - have been the Agricultural Revolution and the 
Industrial Revolution. The industrialisation process is generally considered to be one of 
the most important transformative forces in modem history.
This section examines the development of new energy sources from inanimate reserves. It 
has enormously influenced the way people relate to the environment; their increased 
capacity to do things; their ability to travel long distances and it has been one of the main 
causes of urbanisation, which has ultimately affected the way people relate to each other.
2. 4. 1 - Technological background
As Benevolo (1980, p.733) remarks: "From the mid-eighteenth century onwards, the 
Industrial Revolution began to change the course of history, first in England and then in 
the rest of the world." In his book, the Industrial Revolution is referred to in relation to 
the other great decisive events of human history such as the Agricultural Revolution of 
Neolithic times and the Urban Revolution of the Bronze Age.
The Agricultural Revolution (as it was discussed in section 2.3) definitely marked the 
shift from nomadic pastoral life, where people were conditioned on hunting and food­
gathering, to life in fixed, permanent settlements based on regular food-production. Its 
achievements included, among many important things; the capacity to store energy, the 
building of permanent houses, villages and towns, the use of tools and metal-working.
Although the Middle-Ages are commonly seen as a quite opaque period of history, being 
generally interpreted as superstitious, rustic and untechnological, significant changes 
occurred in both crafts and manufacturing. Between the tenth and thirteenth centuries a 
technological boom produced the mechanical clock, the suction pump, the waterwheel, 
the windmill, etc.. Agricultural innovations and high productivity formed the economic 
basis for all this technical progress.
Before the Industrial Revolution land was treated as a principal production factor. 
Politically, the land-owning class had often been the ruling class as well, occupying the 
most important positions in society. The urbanisation process changed this by attacking 
the privileged status of the landowners (Benevolo 1980). The craftsmen, guildsmen, 
traders, administrators and the clergy formed in the urban areas a new class: the 
'bourgeois' or the 'citizens' whose influence was based on domination of information, 
political structures, and control of production factors.
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Manufacturing in the feudal society was, according to Sjoberg (1965, p.196), 
overwhelmingly dependent upon animate sources of energy. Human energy alone, 
unaided by animal power, performed a multitude of tasks in production. While some 
inanimate sources of energy have been employed, as in windmills or waterwheels, they 
provided only a small fraction of the power required to sustain production in the city.
Stoker, Seager and Capener (1975) point out that by the sixteenth century the 
waterwheel was by far the most important source of energy, it provided the foundations 
for the industrialisation of Western Europe. The scientific discoveries of the sixteenth 
and seventeenth centuries are also cited as forming the age of enlightenment. Ward and 
Dubos (1972, p.48) write that by the seventeenth century, an immense corpus of exact 
and useful knowledge, based upon millennia of observation and practice, already existed 
in human society.
Kaye (1960, p.12) asserts that it was not until the Industrial Revolution that the new 
modes of thought had much effect on the living conditions of the population. With the 
application of scientific approach to industry, and with the promotion of the division of 
labour certainly came a new way of life.
Throughout history the muscle powers of man and animals were the main suppliers of 
energy in building construction. Maddocks and Maddocks (1979) maintain that until a 
century ago, 99% of the total energy used by mankind was consumed as food to power 
humans and animals. In the U.S.A. in 1971, only 1% of the energy consumed was in the 
form of food to support muscle-accomplished work, while 99% was consumed by 
inanimate powered machines and processes.
For many centuries preceding the Industrial Revolution people relied on the chemical 
energy of plants (burning wood, charcoal, etc.), animals and the natural forces of wind 
and water power to provide the necessities of life. By the eighteenth century, Europe was 
in desperate need of new energy sources (Stoker, Seager and Capener 1975; Butti and 
Perlin 1981). As more efficient ways were discovered to exploit these renewable energy 
resources, gradual changes took place in the way people lived (Merril 1978).
Before the Industrial Revolution, products, tools and machines were made by skilled 
craftsmen, one piece at a time, each part being matched to the others. Manufacturing was 
a small-scale undertaking, confined usually to the homes of craftsmen or small shops in 
the market place. Sjoberg (1965, p.197) remarks that the general small size of the 
productive unit reflected the simple technology. He suggests that specialisation in 
production occurred in product, not in process.
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The progressive development of mechanical technology and crafts in the villages and 
cities provided the support for the technological knowledge used later during the 
industrialisation process. The development of machines, and in particular the 
development of resources of inanimate energy on a major scale, has fundamentally 
altered the ways humans organise and construct their spatial structures.
Prior to the Industrial Revolution, control of energy always implied control of animal 
energy. Ubbelohde (1963, p. 15) points out that this meant command over the energy of 
one's own body, or the driving of human slaves and other animals (horses, oxen) under 
the lash. Machines were developed essentially to replace or extend human power and 
capacity. As they came forth animals were then gradually eliminated as a power source.
In some countries, animate horse-power still competes with inanimate power units. 
Replacement of animate by inanimate driving-power began with the advent of the steam- 
engine. The discovery of power devices able to convert steam into useful work, first by 
wood fire and later by fossil fuels, produced a phenomenal growth in energy 
consumption and rapid social changes, unprecedented in human history.
2. 4. 2 - The contingencies for the Industrial Revolution
Coal, coke and the steam engine powered the Industrial Revolution, which gave man 
capacity to change production methods and to readily use energy resources that had taken 
millions of years to accumulate. The beginning of the so called 'modem era' coincided 
with a new age of energy use (development of the steam engine, electricity and the 
internal combustion engine). Internal combustion engines were devised as prime movers 
which provided the necessary combination of power and compactness.
With the changes brought about by industrialisation, the most traditional, familiar and 
individual self-sufficiency declined, and specialisation (the division of labour) 
intensified. Secured agricultural workers (serfs) became wage-earners or industrial 
workers, and moved to the areas that had the energy sources needed for the new 
factories; near waterways or, after the invention of the steam engine, near coal deposits.
Preceding the Industrial Revolution it was generally assumed that large cities of several 
millions of people could not exist. To some extent the fears and criticisms expressed 
were valid, particularly those about the conditions of crowding, poor quality housing and 
outbreaks of disease and crime (Wohl 1977).
In fact, the industrial plants tended to be concentrated around the towns, which meant 
that the urban areas grew much faster than the rest of the country, for they not only
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housed the normal increase in population, but also the migration of people from the 
countryside.
Urbanisation and industrialisation have become clearly correlated events. Information (in 
the form of technological processes), energy (in the form of fuel for industrial processes) 
and transportation have remarkably advanced with urbanisation and industrialisation, 
without these factors the industrialised city could hardly exist. It is mass-production, 
transportation and technology that allow the city to absorb huge flows of matter and 
energy, remake them, and distribute them.
After the nineteenth century a complex social structure developed in order to accelerate 
the use of the concentrated energy sources. The flow of energy and goods in the 
economy was facilitated by the development of central business corporations which 
formed the basis of modem Western corporate structures (Clark 1975, p.44).
Technology, mass-production and transportation have made it possible for the industrial 
city to concentrate the resources needed to fulfil the requirements of its dense population. 
In architectural terms, once matter and energy resources are made available in the city, 
technology (information) provides the means by which design, construction and 
production can be better completed.
In an attempt to time the Industrial Revolution, Burrell (1972, pp.67-69) proposes that 
the term 'Industrial Revolution' itself, like the terms 'Renaissance' and 'Reformation', is 
no longer regarded as historically accurate. He says that the process by which industrial 
change came to the Western world was not sudden or revolutionary but rather the result 
of a long period of evolution stretching far back into the European past. He considers, 
however, that the last half of the eighteenth century, particularly in England, witnessed 
an acceleration in the rate of invention, that is why some historians have thought of the 
years between 1760 and 1830 as the period of the Industrial Revolution.
In the middle of the nineteenth century, the classical theory in architecture was about to 
be abandoned; traditional craftsmanship diminished through the more extensive use of 
mass-produced components. Economically and spatially, the small autonomous units 
dissolved into larger wholes because of the increased interdependence. During the 
industrial era, manufacturing and related industrial occupation in transport, retailing, 
mining, etc., dominated the labour market. The old traditional methods of shaping and 
producing goods were generally slow, wasteful of materials and too dependent on a 
craftsman's skill and patience for massive demands.
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It is widely accepted among most historians that the Industrial Revolution began in Great 
Britain during the 1760s, spread firstly throughout Europe and North America during the 
nineteenth century, and in the twentieth century became the preferred model for 
worldwide economic development.
It moved geographically throughout the world quite rapidly. In less than two centuries it 
effectively reduced agricultural employment to a small fraction of the total labour force in 
industrialised countries. This is important, because for the first time in history, 
agriculture ceased to employ a majority of workers and began its steady and continuous 
decline as an employer, although not as a producer (Jones 1982).
In his book The Master Builders, Cowan (1977b, p. 17) ponders why the Greek 
advancements in physics and machines did not produce an industrial revolution in 
Hellenistic Alexandria or in Imperial Rome. “One reason”, he says, “was the reliance of 
both Greeks and Romans on slave labour, which made the concept of mechanical power 
seem superfluous; there was no shortage of human energy.”
Humans effectively harnessed energy sources by inventing and improving various 
energy converters. For example, the steam engine, fuelled by coal, could convert heat 
into useable mechanical energy. Before the Industrial Revolution limitations were 
imposed by the quality of energy used, nearly always implying animal energy. Since 
then, new methods have been brought in for releasing and harnessing the energy stored 
within certain forms of matter, such as coal, oil, and more recently atomic nuclei.
In Burrell's (1972) opinion, the term 'Industrial Revolution' is primarily intended to 
describe a time of transition, when machines began significantly to displace human and 
animal power in the various processes of manufacture. A substantial increase in energy- 
intensive activities is the characteristic of the period.
In its broadest sense, the Industrial Revolution was a complex development that 
followed not simply the introduction of machinery, but also the evolution of a whole 
new set of production techniques and the utilisation of a complete new form of energy 
(steam power), which substantially increased the productive capacity and the wealth of 
the Western world.
In order to correctly characterise the Industrial Revolution, Hamilton (1973, p.34) points 
out that significant though inventions like the mariner's compass, clocks, windmills, and 
the process of printing were, they lacked one essential attribute - substantial amounts of 
power.
The widespread use of machines, characteristic of modem technology, did not become feasible until 
more potent sources were harnessed to drive them. The first Industrial Revolution was marked by a
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great increase in energy consumption, and this quantity is still used as a yardstick in assessing a 
country's industrialisation - and hence its adoption of technology.
2. 4. 3 - Environmental and social consequences
The Industrial Revolution also represents a critical change in the development of the built 
environment. Industry gradually supplanted agriculture as the dominant sector in the 
economy. Intricate demographic trends accompanied this change: accelerated population 
growth, rural depopulation and the rapid growth of cities.
The social consequences in the new industrial cities were massive: overcrowding, 
illness, unemployment, poverty and accumulating wastes and pollutants. In its 
cumulative process of expansion the Industrial Revolution touched all aspects of the 
environment and of the social and economic life.
Jones (1982, p.2) proposes an extensive catalogue of elements, which have marked the 
Industrial Revolution, from where the following are noted:
- Small-scale subsistence farming declined and was replaced by large-scale, high- 
volume commercial agriculture.
- Industry (manufacturing and mining) passed agriculture as an employer in Britain 
about 1815, Belgium before 1890, Germany in 1896, Australia in 1900, the United 
States in 1907, France in 1913, and the USSR in 1960.
- Employment based at or near home declined, and was replaced by work at central 
locations such as factories and shops. This led to the new concept of 'going to work' 
and the rise of a new class, the industrial proletariat. This in turn led to the 
development of 'industrial discipline' and the inevitable evolution of trade unions.
- Industrial activity and production depended on standardisation, co-ordination and 
synchronisation: workers had to respond to the precision, rapidity and regularity of 
machines; factories and railways ran according to the clock; parts were made 
interchangeable.
Cossons (1973) points out that steam power was without doubt the most important 
technological factor in bringing about the huge social and economic changes which have 
been called the 'Industrial Revolution'. He notes that from the early 1700's until near the 
close of the nineteenth century, the steam engine was unchallenged. It powered 
machinery, drained mines, propelled ships and locomotives, and helped transform many 
countries into highly industrialised societies. The importance of the history of the steam 
engine transcends its purely technical aspects; its evolution was the first major step in the 
liberation of mankind from toil.
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The abrupt increase in production, brought about during the eighteenth century by the 
introduction of the industrial system and the machine, changed the whole appearance of 
the world (Giedion, 1967, p. 165).
Its effect upon thought and feeling was so profound that even today we cannot estimate how deeply it 
has penetrated into man's very nature, what great changes it has made there. ...but the equilibrium that 
went out of human life with the coming of the Industrial Revolution has not been restored to this day. 
The destruction of man's inner quiet and security has remained the most conspicuous effect of the 
Industrial Revolution. The individual goes under before the march of production; he is devoured by it.
Manufacturing, the exploration of new forms of energy and the search for matter (raw 
materials) shaped the economic, spatial, political and moral ethos of modem society, 
leading to the development of the two main political and economic regimes (capitalism 
and socialism). It is clear, for example, that the necessary infrastructure for large cities 
only became possible when resources and surpluses of great magnitude were created by 
technological development, manufacturing and access to natural resources from some of 
the furthest and most remote areas of the globe.
It was this support that made new major cities possible. The connection between scale of 
production and agglomeration is accounted for by Hohenberg and Lees (1985, p.177): 
"The shift from a protoindustrial to an industrial mode of production involved a 
concentration of workers into workshops and factories, first for purposes of control, 
later to serve the needs of power-using technology."
Looking at the spatial structure; until about early nineteenth century, the labouring class 
worked in small establishments such as farms and craft workshops. The Industrial 
Revolution made it feasible to create large production units with hundreds or even 
thousands of workers under the same roof. This was regarded as a better rational use of 
production factors, in order to achieve relatively low average costs.
One of the crucial problems of industrialisation was the relationship of homes and 
workplaces. No satisfactory solution had been proposed. Either they were jumbled 
together, or they were so far distant from one another that the journey to work was a 
daily encroachment upon the health of the community. Human welfare was, in most 
cases, completely disregarded as an important consideration. The impacts caused by 
agglomeration on architecture and on the urban areas are described by Benevolo (1980, 
pp.753-754):
The extremely rapid growth of cities during the industrial era transformed the existing urban nuclei 
(which became the centres of the new towns and cities) and also brought about the construction of 
new peripheral areas. The nucleus already had its own shape, determined either during the Middle Ages 
or in subsequent centuries, and it contained the principal monuments - churches, palaces - which often 
still dominated the new landscape. But this nucleus would clearly not be large enough to cope with a 
vast new influx of people: the streets were too narrow to deal with increased traffic, while the houses
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were too small and compact to provide accommodation with any degree of comfort for a greatly 
increased number of inhabitants.
Benevolo says that the old houses rapidly developed into overcrowded slums which 
contained the poor and the new arrivals from the countryside. At the same time, in his 
account, many of the historical buildings of the old city (the houses of the nobility, the 
convents) were abandoned as a result of the changes in the city's social composition and 
divided up into makeshift lodgings. The green areas within the old districts (the gardens 
behind the terraced houses, the grounds of the houses of the nobility, the kitchen 
gardens) were used to build houses and industrial workshops on.
In these new agglomerations the evils of wastes and effluents were enormously 
multiplied by concentration. As Ward and Dubos (1972, p.59) say, sickness and death 
were the visible companions of daily life, the dreaded typhoid spread from the steaming 
slums to the outer world of middle-class comfort and even in the palaces. As a result the 
better-off members of society gradually began to abandon the city centres and set up 
houses in the outskirts. Anyone who could get away from the dirt, disease and noise of 
the inner industrial city did so. By the middle of the nineteenth century, the move to 
suburbia was under way.
Benevolo (1980) ponders on the crystallisation of the social patterns:
In the new industrial districts the architectural and social unity of the old cities disappeared 
completely. People, both as individuals and as members of a particular social class, did not wish to 
integrate within the city; the classes tended to settle in different areas, in upper, middle or lower - 
class districts, with very little overlap between them.
Treating urban land as an ordinary market commodity may have been the cause of many 
social and environmental problems; groups of speculators were responsible for building 
poor quality houses, sometimes a few at a time or in vast complexes. In Benevolo's 
(1980) opinion their sole aim was to make as much profit as possible. The workman, 
receiving barely subsistence level wages, had to surrender part of his income in rent, 
while the landlord, who often built houses as small as possible and using the cheapest 
forms of building material, had to try and cover the cost of construction and also make a 
profit. It was this clash of interests that determined the nature of many houses and the 
appearance of many working-class neighbourhoods.
Towns and cities grew rapidly, but not in their qualitative aspects, as Benevolo indicates 
(pp.754-755):
The concentration of large numbers of houses in a restricted environment made refuse disposal a 
problem and also prevented a lot of open-air activities from taking place. Open sewers ran down the 
streets, garbage accumulated, and the same areas were used as thoroughfares for pedestrians and
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wheeled traffic, for animals to wander about in, and for the children to play in. In addition, the 
poorest districts were almost invariably situated in the least pleasant positions, close to the industrial 
zones and the railways and far away from areas of green. The factories filled the houses with fumes 
and noise, poisoned the waterways and also attracted a lot of extra traffic.
This chaotic and somehow uninhabitable environment, which he calls the 'liberal' city, 
was the result of the unregulated and uncoordinated superimposition of public and 
private developments. Individual freedom, demanded as a pre-condition for the 
expansion of the industrial economy, turned out to be incapable of exercising proper 
control over the urban and housing developments. As literature and recorded history 
shows: (eg. Meams 1969, p.4):
Few who read these pages have any conception of what these pestilential human rookeries are, where 
tens of thousands are crowded together amidst horrors which call to mind what we have heard of the... 
slave ship. To get to them you have to penetrate courts reeking with poisonous and malodorous gases 
arising from accumulations of sewage and refuse scattered in all directions and often flowing beneath 
your feet; courts, many of them which the sun never penetrates, which are never visited by a breath of 
fresh air, and which rarely know the virtues of a drop of cleansing water.
In a more recent version, Mead (1976) describes the likeness of social problems in post­
industrial cities:
Habitat (the United Nations program on human settlement) will emphasise the necessity of 
considering together all forms of human settlement from the rudest hut to skyscrapers, as people bred 
in one move to another, fleeing poverty in the countryside to a different kind of poverty in the 
swollen cities. They live behind the tried ways of their ancestors to live in jumbled anonymity and 
low civic participation in cities which are increasingly dominated by the automobile, mass-produced 
goods, and internationally propagated building styles unrelated to local environments and basic or 
culturally specific human needs. As old cities decay before the onslaught of penniless millions - 
refugees from poverty, ... civil disorder, war and massacre - new cities, jerry built and inhuman, 
spring up, designed sometimes half a world away from those who will live in them.
Since the Industrial Revolution, the industrialised societies have been engaged in a race 
to increase energy consumption in order to support higher living standards. However, 
energy as a commodity is not justly distributed, and pollution is an inescapable product 
of its consumption. These increases in energy use have brought great changes in the 
environment and social structure of these nations.
2. 4. 4 - The urgency to introduce environmental improvements
Early industrial urban developments had inadequate standards of light, ventilation and 
open space, and very poor sanitary facilities. Literature (eg. Engels 1892) is abounding 
with examples of areas with primitive drainage and inadequate maintenance. This pattern 
could lead to the piling up of excrement and garbage and also to flooding. Such
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congested conditions naturally brought about a high incidence of diseases. Cholera 
spread into the European continent, and epidemics promptly broke out in the major cities, 
obliging the authorities to take action to improve sanitary arrangements.
In regard to this dilemma, F.M.Jones (1968, p.172) suggests that there were some 
difficulties to be overcome:
- First, there was the level and variety of noise. Transport was essential to the industrial town, so 
hard- wearing road surfaces to resist iron-shod hooves and iron-shod wheels were laid down. The best 
material being stone of granite hardness, the joints provided the rattle and clatter. Horse harnesses 
had chains to rattle; to control their charges the drivers shouted. Railways clanked, roared and 
whistled. Factories hummed, banged and shrieked, time signal homs, sirens, etc..
- Secondly, the dirt. The carriage-way was a ribbon of horse droppings converted by rain into a 
morass which passing wheels threw on to the footpaths. The block or macadam carriageway slowly 
ground to dust; the manure dried up and powdered; grit and carbon poured from every chimney.
- Thirdly, the smell: there were breweries, tanneries, dyeworks, gasworks. There was horse manure; 
there were defective drains; and there were smoke, fumes and unwashed people.
The consolidation of big business in industrial Europe was paralleled by consolidation in 
the rank of the workers and the eventual formation of the trade unions. A compromise 
between the quest for productivity and healthy conditions had been reached in some 
countries. Union representatives and employers have accepted adequate management of 
environmental factors, making work safer, more satisfying and at the same time, 
increasing the efficiency (work output in quantity and quality).
A key issue that figures in people's attitudes toward hygiene at a general level, even the 
personal, is that of 'community'. Kira (1976, p. 6) points out that hygienic integrity is 
very significant in relation to other people. Because of other people, at times in large 
numbers, living in close proximity and high densities, in more or less permanent places, 
people’s personal manners become an issue of group concern and finally of social 
regulation.
Obviously, if one lived out one's life in isolation in a thousand square miles of wilderness, one's 
personal hygiene habits, or lack of them, would be of little consequence to anyone but oneself. The 
tighter the density of our living arrangements, the more important our personal habits become to the 
group. Since man has been a social or tribal animal throughout most of his recorded history, the 
matter of body care and personal hygiene has, for all practical purposes, always been with us.
Basically, the extraordinary development produced by the Industrial Revolution was 
unplanned. It had various detrimental effects in many aspects of life, it changed the basic 
rules as related to traditional social customs and needs of society
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Some individual achievements were great, but due to the lack of planning, were 
frequently to the disadvantage of the community and were accomplished with a wasteful 
mitigation of spiritual, material, physical, social and aesthetic assets. Evidence of these 
costs has been reported by many authors, particularly in Frederich Engels' Condition of 
the Working Class in England (1892), first published in 1845.
To a large extent the problems were overcome and it became possible to supply water, 
food, housing, employment, transport and other services necessary for the millions of 
urban people to live with reasonable level of education, health and personal fulfilment 
than had ever been possible before. The wealth and security that many people achieved 
were on a scale previously available only to small elite groups.
All those facts had the effect of accelerating health reforms and of bringing about some of 
the pioneering legislation governing the design, construction and maintenance of 
buildings and urban infrastructure.
It took several years before the first law concerning public health was passed in England 
in 1848. In France, it was not until after the 1848 Revolution that the Second Republic 
approved a public health law in 1850. Subsequently, one was introduced in Italy in 
1865, and later in other European countries. These were the first instances that 
environmental factors were included in legislation.
The 'sanitary movement' resulted in major improvements both to the environment of the 
cities and to the well-being of the population. It conveyed to the general public the view 
that collective cleanliness was the surest approach to health. Following these measures, 
the growth of power production have been made possible by the invention of electrical 
means to generate and distribute power from central power stations.
2. 4. 5 - Spatial and architectural implications
Before the Industrial Revolution, the typical industrial worker was the village craftsman 
with his workshop in or near his own home. The spinner, weaver or basket maker could 
work in a room which might also serve as the sleeping quarters for children (Tann 
1973).
The increasing number and size of new production units (purpose built factories) created 
an enormous demand for labour in the proximity of the firms, with subsequent 
urbanisation. The productivity of agriculture also increased because of industrialisation 
and mechanisation of agriculture. Due to increasing mechanisation in manufacturing and 
in the basic trades, fewer people with more machines could produce most of the material
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goods required. The migration of labour from agriculture and small workshops to 
industries, their expectations of better living conditions and the power of the new 
industries in the cities, all enhanced the urbanisation process.
Increased urbanisation, caused by the need for workers of the growing manufacturing 
units, made it necessary to create the areas of energy substructure (food production, 
hydroelectricity, coal power stations) in other parts of the country or of the world. This 
fact is necessary to be stressed because in some ecology texts there is the belief that an 
ecological balance exists between the cities and the direct surrounding areas.
This has been especially the case in regard to food production, because the relation 
became world-wide (Hilhorst 1971; Kuklinski and Lambooy 1983). Formerly, the 
production of food for the cities occurred mainly in the surrounding areas. The urban 
populations and the production of industrial goods in the Western countries did not give 
rise to increasing demands for land for agriculture in their own rural areas; this need 
came to be satisfied in the first instance in 'colonies' for food production, such as 
Canada, Australia, Siberia, Argentine (Cottrell 1955).
These authors develop an analogy where the industrialised part of the world is compared 
to the former city and the hinterland is the food and raw materials producing, rest-of-the- 
world or the 'periphery'. Hence, the 'world-centre' has succeeded in its striving for 
dominance because industrialisation has made it possible to enlarge the scale of its food 
and raw materials providing area, whereas its productivity per unity of land surface has 
increased enormously.
Industrialisation impelled more division of labour and increased specialisation. Cottrell 
(1955, pp.210-211) describes the relationship between specialisation of people and cities 
and the high-energy society:
The use of high-energy converters to replace men involves a division of tasks into minute specialised 
operations which machines can be set up to perform. The specialists who are required to build and 
operate these machines depend in turn upon the makers of instrument and control devices, which 
involve further specialisation. In consequence, high-energy technology requires many times the 
number of socially approved occupational alternatives than were acceptable in most low-energy 
systems.
He maintains that as a result of the fact that the materials needed are, in their natural state, 
widely dispersed, specialised communities must be set up to extract and process them. 
Whole communities appear which are engaged in the production of a single product, 
such as tin, copper, lead or mercury, or the raising of a single crop such as wheat, rice, 
tobacco, cotton, etc., and others devoted to the process or manufacture of products made 
of a single commodity, such as paper, glass or rubber.
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This was only feasible because of the development and use of new energy resources in 
transportation which existed during this time. As Benevolo (1980, p.733) remarks, in 
referring to the turnpike, navigable canals, railways, and steamships (which took the 
place of sailing ships during the period): “These new methods of communication 
introduced an era of unparalleled mobility: all manner of goods, however heavy, could 
be transported to where they were needed, and people of all classes could travel widely, 
or even live in one place and work in another, commuting daily or weekly."
The railroad allowed resources from widely separated sites to be brought together, it also 
made it possible to bring materials to labour. Technological change soon allowed 
resources to be used more economically by the application of information. For example, 
closer tolerances and better design increased the power and efficiency of steam engines, 
thus saving fuel, metal, and space. As labour-saving devices progressively displaced the 
heavy physical component of work, people dealt more and more directly with 
information: reading, meeting, dealing, explaining, designing, and supervising 
(Hohenberg and Lees 1985, p.200).
Traditional textbooks in economics generally list the inputs to a production process as 
land, labour, and capital. Hohenberg and Lees (1985) suggest that at a more fundamental 
level, production involves the organisation of natural resources - materials and energy - 
by information. Human labour applies some of the energy and furnishes essentially all 
the information. Technology comprises both the process and the tools of the scientific 
method, applied to change matter and convert energy into work.
Fletcher (1975, p.853) reinforces Benevolo's idea and shows how it may have affected 
architecture:
In previous periods of architecture we have shown the varying and progressive results which arose 
under the operation of the geographical, geological, climatic, religious, social, and historical 
influences, but from the beginning of the nineteenth century the operation of these influences 
becomes modified. Thus geographical influence has been considerably lessened by the introduction of 
steam and electricity for transport with the consequent rapid intercommunication between countries, 
so that national customs and peculiarities become less marked, and the geographical position of a 
country no longer regulates its architecture to the same extent as formerly.
Geological influence, in his opinion, has been similarly modified: “for it is obvious that 
modern transport makes it possible for bricks to be carried into stone countries and stone 
into brick countries in a way which was formerly impracticable. Climatic influence must 
always remain fairly constant, regulating the size of doors and windows, the pitch of 
roofs, and the use of chimneys." However, one should also be aware of the 
transposition of unsuitable stereotypes, that usually happens with the process of 'cultural 
colonisation'.
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Industrialisation also introduced a social attitude that has been responsible for an 
enormous number of buildings for the requirements of the diverse social life. Compared 
to past periods, when public life was simple and its activities more homogeneous, 
contemporary buildings are far more complex (Fletcher 1975).
Urbanisation and the degree of complexity of contemporary buildings are strong 
characteristic features of the industrial civilisation. Regardless of how they are 
conceptualised, this phenomenon, in almost every part of the world, has shown dramatic 
strength and persistence. Few cultures have resisted the trend of industrialisation and 
urbanisation, and it has invariably transformed the essential ingredients of the built 
environment.
Fitch and Branch (1960) maintain that there has been a growing tendency to minimise the 
importance and complexity of the natural environment:
Not only is the modem architect removed from any direct experience with the climate and geographic 
cause-and-effect, he is also quite persuaded that they 'don't matter any more'. Yet the poor performance 
of most modem buildings is impressive evidence to the contrary. Many recent buildings widely 
admired for their appearance actually function quite poorly.
2. 4. 6 - Mass production
Mass production only became feasible when Henry Ford realised that accuracy was all 
important and applied this realisation to producing large volumes of cars. He used to tell 
his engineers that they should learn how to measure to a millionth of an inch, accurate 
enough to mass-produce efficiently. This involved exact measurement, close inspection 
and control, reliable raw materials and technical layout of the machines making the parts. 
One of the reasons mass production has taken over the traditional manufacturing process 
is because through rationalisation, it could lower the cost of the product.
Mass production seems necessary to cater for mass needs. Rowley (1973) suggests that 
new needs are generated by increasing the flow of information in a society. He writes 
that people cannot want things they do not know about. “Western technology makes its 
first profound impact when the subsistence gardener or gatherer sees the products of 
industrial man, perhaps on the trade store shelf, or in the possession of the first western 
visitors. ...The result was an immediate extension of the range of felt needs.”
Mass production demands more machinery, most of the times doing away with jobs on 
an increasing scale. In this mass-oriented society the individual can accomplish very little 
on his own, power and control reside in the large private corporations and government 
companies or agencies. These giant organisations have been playing a progressively
147
CHAPTER 2 - SECTION 2.4
dominant role in determining the shape of international needs and aspirations, science 
and technology.
A crucial element for the survival of such organisations has been the availability and 
reliance on efficient computers and rapid communications to keep them supplied with up- 
to-date information. The larger the group, the more elongated its communications, which 
can send messages and figures over the horizon with the speed of light.
The ready multiplicity of products in the market suppresses the idea of scarcity. Although 
it is now taken for granted, mass production is a relatively recent part of the human 
economic system. To maintain the required flow of energy and matter, technology has 
been risking the harmony of the natural environment (see chapter 4) and treating it just as 
an accessory of contemporary life.
Since the beginning of the twentieth century production has increased at an exponential 
rate. New materials have been invented and produced with great influences to 
architecture. Modern architecture has assumed a peculiarly modem aspect by virtue of the 
fact that the materials used for many buildings were not the natural, locally available, 
stone or marble, but sheet of metals, glass, iron, concrete, steel and aluminium, which 
were becoming increasingly associated with energy and industrial production.
Collins (1967, p. 130) writes that among the many reasons for the emergence of modem 
architecture, there was a demand for it motivated by the public’s craving for originality: 
“Indeed, this has proved one of the most consistent characteristics of the modem age, 
especially in the manufacturing industries, where vast sums of money are expended 
annually to encourage people to buy new versions of standard artefacts in each 
successive year.”
Architecturally, Tafuri et al. (1980, p.366) suggest that the professional field, after the 
1950s, came to be dominated not by individual architects intent on communicating their 
opinions of the world, but by large studios in which the tasks were parcelled out with 
virtual assembly-line standards. Firms like Skidmore, Owings & Merril (SOM) were 
equipped to work at an intense speed of production and to fulfil demands for high 
technological levels in buildings as anonymous as the architectural concerns that build 
them. The Lever House is the virtual manifesto of that impersonal expression.
2. 4. 7 - The increased flow of energy through industrial processes
During millions of years the organic materials that did not immediately decay have been 
buried under a great thickness of sedimentary sands, mud and limes. These have become
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the fossil fuels: coal, oil shale, petroleum and natural gas, which are rich in energy stored 
up chemically from the sunshine of the past millions of years.
Before the Industrial Revolution, the main motive power to meet the energy requirements 
for human comfort in buildings was biomass, animal and human energy. Later gas had 
been used as an artificial energy source for lighting and cooking, but it had many 
drawbacks. Efforts to improve comfort conditions through the use of nineteenth-century 
technologies faced a serious impediment; steam was the prime mover of that time, but 
steam engines were too big, and too expensive, to have diffuse, widespread applications.
Energy supplies have been the lifeblood of the industrial civilisation. Power is needed in 
huge amounts to drive machines in the factories, on construction sites or in the farm; in 
fact anywhere that man wants to create an artificial environment in which to live and 
work. Each member of a household uses and depends on a variety of electrical 
appliances everyday. This readily available power is a really striking feature of modem 
industrial societies.
The growth of urban electric power generation, an innovation just over one hundred 
years old, has had a significant impact on the quality of the environment and life, and on 
the consumption of energy by industry, transport and household users.
One thing that well characterises the industrial societies is their enormous consumption 
of energy and the fact that this consumption is primarily at the expense of solar energy 
stored in coal, oil and natural gas (ie. capital stock) rather than of solar radiation, water, 
wind and muscle power, which are renewable (ie. income).
Petroleum and related products were not extracted in significant amounts before the late 
Industrial Revolution. Within a time, if industrial civilisation continues to bum fossil 
fuels at the same rate, the very old credit to the earth's energy benefit, built up over 
geological ages, will have been expended (see energy crisis in section 4.2). The process 
of storing solar energy continues, but probably at about the same rate as in the past, or 
even less as there are no longer virgin forests. Industrialisation has indeed, withdrawn 
the deposits with increasingly rapidity.
One important factor to be considered is the employment of inanimate sources of energy 
on a large scale. Because a machine, however intelligently designed, does not offer 
complete potential for affluence as long as it is driven by human or animal muscle. The 
existing flow of matter and energy has been transformed by increasing the amount of 
work performed through the expenditure of concentrated forms of energy.
149
CHAPTER 2 - SECTION 2.4
With the use of concentrated forms of energy, the productive capacity of a worker was 
amplified by several times his potential prior to the Industrial Revolution. Generally, 
there is a good correlation between a country’s utilisation of machines, the amount of 
energy it uses in relation to its population and its standard of living (the greater its 
consumption of energy per head, the higher its standard of living). The yearly per capita 
consumption of electricity and fossil fuel has provided an important index of the 
technological development of a region or country (Ubbelohde 1963; Clark 1975).
A direct practical implication of such strong emphasis on energy has been the 
development of the science of thermodynamics which permitted the contrivance of better 
and more efficient machines, improved building services and it also made workable the 
design and construction of thermal efficient buildings. Thermodynamics proved to be of 
real interest to architectural design and human comfort (see chapter 3).
The Industrial Revolution has produced and is still producing two major problems 
affecting people. First, the depletion of irreplaceable fossil fuels, without effective and 
safe energy substitutes, this means that in the long run the industrial civilisation will be 
undermined. Second, the unknown impact of waste discharges into the environment.
Naturally, as discussed before, there is a delicate balance between solar energy input into 
the terrestrial system and the low grade radiant heat emission. The dilemma is that 
industrial civilisation actually disturbs this energy balance. To the daily or seasonal 
return of solar energy to space, it adds the flux of solar energy stored in fossil fuels.
2. 4. 8 - Information - an on-going challenge
Architecture, as an evolutionary process, is not and should not be based on and thought 
of solely through its visual quality (see chapters 3 and 4). The visual sense is apparently 
the most developed and widely used means of experiencing the world. It is inevitable that 
visual responses are to be looked for, however, hearing, smell, and touch must equally 
be fully examined and considered, if the nature of human responses to the quality of 
sound, heat and light which surround people and the tactile experience of surfaces are to 
be appreciated.
Just as the physical environment affects people’s lives, aspects of the environment at 
work are also able to influence their working behaviour and efficiency to a greater or 
lesser extent. A significant amount of research recently done (in ergonomics or human 
factors) indicates that any of the environmental factors can interfere with the normal flow 
of work output and can thus obstruct work productivity. Excessive environmental noise 
can interfere with someone’s ability to hear important messages; too much light, or light
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in the wrong place can cause glare or obstruct the perception of detail; harsh thermal 
conditions can impede cognitive and manual functioning, etc..
The different systems and processes devised along the last two centuries to help in 
assisting human comfort in buildings have changed both quantitatively and qualitatively, 
they have become now a mass commodity. The democratisation of the means for 
providing comfortable conditions in buildings has been largely due to mass production 
and industrialisation. Affordability is ensured because the artefacts of modem living are 
being continuously produced in huge flows from factories all over the world, in tens of 
thousands, and even millions.
An age of mass production and mass consumption has been set up. The use and the 
impact of industrial technology has penetrated all human societies. Production 
technology has affected not only architecture but the evolution of comfort. Currently, 
this evolution is becoming more and more dominated by information technology.
With the use of both electricity and electronics, communication channels now include 
radio beams, data link services, telephone and microwave networks crossing all over the 
globe enabling organisations, individuals and even machines to communicate to each 
other almost instantaneously. Building services can be managed, monitored and adjusted 
by automatic control systems all instructed by computers.
Roughly, two hundred years is only a short run in the history of civilisation. But time 
has moved fast in the Era of Energy and Information. Coal, oil and hydroelectric 
installations have been exploited long enough to allow reasonable forecasts for the future 
of these sources of energy. Possible applications of solar, wind, tidal or nuclear energy 
are just being explored with great promises of impressive developments.
With the industrialisation of building and the progress in Bioclimatic Design data and 
cognisance (see chapter 3), much development has taken place in the qualitative aspects 
of the acoustical, luminous and thermal environment of buildings. By mastering and 
controlling the properties of matter, advancements in insulation, heating, ventilation, air 
conditioning and lighting have been possible. Building materials have been designed and 
manufactured to conform to very strict environmental conditions and regulations.
The overall characteristics of building facades, as well as of internal spaces have become 
more and more uniform. Local, regional and specific climatic conditions lessened their 
dominance on design, they no longer affect architecture the way they did before (see 
section 4.1). People can feel comfortable everywhere, as one finds the same (artificial)
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climatic conditions in offices, shops, hotels, apartments, trains, cars, etc., from one 
place to another.
Information provided advances in mechanisation which has meant more energy used per 
worker. With the rise of mechanisation, innumerable technological innovations have 
competed with regional ways of doing things and have further released people from 
physical labour. It replaced much of human energy with fossil fuel energy.
Today the majority of people in industrialised countries live in cities. This massive move 
from the rural to the urban environment has been accompanied by increasing dependence 
on technology (information)*, higher amounts of energy and material resources. 
Successful innovations in matter and energy have resulted in an increased demand for 
such factors and it has accelerated the flow of matter and energy through the built 
environment. Rodger (1989) concedes that urban living is dependent on these energy and 
material processes in a way that non-urban living is not.
Industrial expansion and urban growth have been widely seen as key to prosperity and 
comfortable life-style. An overwhelming problem faced by postindustrial societies is that 
of converting from non-renewable sources of energy to renewable sources; changing 
from dependence upon finite stocks to utilisation of reliable flows, with minimal social 
disruption and environmental degradation.
Most industrialised large cities are now characterised by a range of problems: 
atmospheric pollution, long journeys to work, congestion, poor access to public 
facilities, sub-standard housing, unemployment and a rising fear of crime. Urbanisation 
has also fostered an atomistic way of life: greater geographic mobility, greater anonymity 
and the decay of traditional kinship ties. This group of problems has assumed in many 
cases intolerable proportions. However, it is equally true that cities are the focal points of 
opportunities and human progress (information exchange).
House and Williams (1976, p.52) suggest that the development of energy converters 
together with the blossoming cultural innovations that initiated the Industrial Revolution 
drove man, as a manipulator of his environment, to a significantly different niche within 
global ecosystems. The social and economic patterns became increasingly specialised; 
urban forms became more dense and more numerous. Productivity per capita in the 
highly developed countries drove goods consumption well above subsistence needs and 
toward desires for more and more specialised products.
Daniel Bell in his book The Coming of Post-Industrial Society argues that information has become the 
axial principle of advanced societies. He proposes that formal trained professionals as agents of formal 
knowledge with a broad intellectual context, will be the backbone of the post-industrial society.
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Information, in the form of science and technology, allowed a considerable increase in 
matter and energy availability and distribution. Progress has been measured by growth of 
population, growth of industrial output, and growth of material consumption. Chapter 4 
will argue that growth precipitated the overuse of resources and the consequent sacrifice 
of the supporting environment. Industrial civilisation is now due to reconsider the fact 
that the earth and its natural resources are limited and that its laws remain factual.
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2. 5 - The Twentieth Century - Principles of the Modern Movement in 
Architecture - (The shift from highly massive buildings with low operative energy to lightweight 
buildings with intensive use of energy, focusing on the events directly and indirectly leading to the 
development of scientific knowledge in architecture.)
The first section of this chapter discussed the remarkable developments which occurred 
when matter was utilised to set apart the internal and the external environment. The 
intention of this section is not to provide an exhaustive historical account of modem 
architecture. The fundamental issue is rather the difference and the evolutionary steps 
towards man's control and conditioning of the internal environment, nowadays a most 
convincing evidence of human progress.
The Modem Movement is understood here as the period when the issue of energy has 
entered the discipline of architecture. Interest will be focused on the gradual integration of 
Bioclimatic Design in architecture along with advances in material technology 
(interconnections between matter and information).
2. 5. 1 - A period of innovation
The turning of the calendar from one century to another does not make any great 
difference. It is convenient but not especially significant to characterise history by time 
intervals; architecture and technology do advance but not necessarily in a centenary 
rhythm. Here the notion is adopted that progress in these areas, and more particularly in 
Bioclimatic Design, has been effected by slow increments, beginning in faint and blurred 
outlines and then completed by consecutive modifications and additions.
In order to be able to evaluate, even though briefly, the scope of the difference between 
modem architecture and the previous styles, it seems important to focus on the needs 
which called for change. It would be practically impossible to enumerate all of these 
needs within the compass of this work because, among other reasons, Duffy (1964) 
asserts that they have been of social, economical, political and cultural order.
There may have been numerous reasons for change; in comportment, in life style, and in 
the arts, particularly in architecture as it endeavours to make a formal expression of 
human reality. Coincidentally, most of the fundamental changes took place around the 
turning of this century, when traditional construction gave way to modem approaches.
The consequences of the Industrial Revolution on modern architecture can not be 
ascertained in a simple way. They lay not so much in the new technologies that came with 
it (they seemed to affect architecture only later - serial production of buildings or 
components, pre-fabrication), but rather in the way the Industrial Revolution catalysed
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changes in the quality of cities, in the use of energy and matter, in the perception of 
society and in its adverse treatment to the natural environment. The social, artistic and 
political aspects of those changes are very controversial. Any concern with them here is 
only incidental.
The use of energy during and soon after the Industrial Revolution was primarily related to 
production, transportation, operation, repetitive actions: converting it into work. 
Architecturally, it would be difficult to overstress the importance of new energy forms in 
the design, production and use of buildings. It means the successful replacement of 
muscular effort of animals and human beings by electricity and fossil fuels used in much 
broader applications (eg. to illuminate buildings, to power air conditioners, electric 
motors, lifts, etc.).
In fact, electro-mechanical power has become something far more than a substitute for 
human effort. Western societies, having adapted themselves to electric-mechanical power, 
have used it for many purposes other than as an alternative to human muscles. The 
extension of power utilisation has truly made the twentieth century the age of power.
The initial use of electricity was for lighting, in Paris in 1877. Edison perfected his 
incandescent lamps in 1879, by 1900 electric lighting became a common fact of urban 
life. Because the only large-scale use for electricity was for illumination, Edison’s 
generating plants (like the Pearl Street plant in New York) were commonly referred to as 
‘electric light stations’. Some time later they became known as 'power stations'.
The early proliferation of electric technology was based on the incandescent light bulb. 
Clark (1975, p.35) recalls that the first hydroelectric power generation in the United 
States, on the Fox River, Wisconsin, was designed to light 250 bulbs of 50watts each. 
The superiority of electricity over all previous energy sources (biomass, coal, gas, etc) 
became obvious; it was much safer, cleaner, more reliable, and it meant the end of 
noxious fumes at the point of use.
Once the technology for electric lighting in buildings became dominant, electricity was 
made available for many other uses. Banham (1969, p.65) lists a multitude of electrically 
powered devices that quickly became available to the consumer by the turn of this 
century: kettles, toasters, ovens, radiant-panel heaters, coffee-grinders, the electric flat­
iron, the electric blanket heater, etc.. Well-known names like Isaac Singer, Nikola Tesla 
and George Westinghouse were among the first to patent electric appliances. The first 
recorded applications of electricity to run motors and machines occurred just before the 
turn of the century.
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Mechanisation then proceeded at a very fast rate, affecting almost all aspects of modem 
life. The combined effect of large scale production and the relatively low cost of electricity 
made electric appliances very popular in the home and in the office. Around the first 
decades of this century, most electric appliances (refrigerators, vacuum cleaners, washing 
machines, fans, dishwashers, etc.) were already being mass produced.
The efficient use of energy in modern appliances promoted great savings not only in time 
but also in physical efforts. Electro-mechanical devices allowed many tasks to be 
performed in much greater comfort, and being labour-saving they induced a subsequent 
simplification in business and domestic matters as well as reduction in costs with servants 
and employees (Fitch 1961). In 1889 electricity also brought the fast, smooth electric lift 
that made multi-storey buildings practical.
The ever-increasing spread of the energy-intensive lifestyle can be seen as one major 
influence of this century bearing upon architecture. This spread has been associated 
everywhere with transformations in spatial and social organisation. It has also been 
accompanied by farm mechanisation and work efficiency and enormous increases in the 
population numbers and density.
Hennessey (1972, p .l) considers that between the years 1880-1930 electricity supply 
industry grew from the most obscure and makeshift beginnings into a position whereby it 
was a major economic fact and an important foundation for modem civilisation.
This global phenomenon has been under way for more than a century now, and it has 
gathered a particular momentum. The combination of urbanisation, new energy sources, 
associated technological development and population growth has imposed great concerns 
and ultimately formed the major constituents of the current architectural milieu.
Again, if architecture should reflect human reality; if it is to be shaped by the total 
ambience of the time and place where it is built, then it seems appropriate to discuss some 
of the contextual predicaments which may have produced the patterns of change likely to 
influence architectural design during this century, and more precisely the basis of 
Bioclimatic Design as a discipline (chapter 3 will examine this in more detail).
In the context of the common state of architecture around the turn of the twentieth 
century; it is worth referring to the views of the professionals on environmental matters 
as being little better than superstitious (as it is summarised by Ernest Jacob, in Banham 
1969, p.32):
...in most cases architects are content to introduce an occasional air - brick or a patent device called a 
’ventilator'....Real ventilation is so uncommon that ...the architect usually thinks this object has been 
attained if some of the windows can be opened. Some think that the presence of 'ventilators', especially
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if they have long names and are secured by 'Her Majesty's letters patent', ensures the required end. We 
may as well supply a house with water by making a trap-door in the roof to admit rain.
With more specific details, Banham (1969, pp.29-30) describes some of the incipient 
aspects related to the way modem architecture should react or serve immediate human 
needs:
The working and living conditions of men in industrialised societies gave rise to environmental 
problems of the utmost urgency and baffling novelty. The sheer size and human density of settlements 
posed problems of waste disposal, and threat of epidemic (a threat tragically often fulfilled) that called 
for powerful legal action. The accumulation of large numbers of workers and mechanical plant in such 
places as factories and mines called for more than Factory Acts and similar legislation; sanitary and 
ventilating techniques had to be renovated and improved by radical inventions. ...The length of the 
working day required an unprecedented provision of artificial light (with its attendant fire-risks) even in 
structures above ground like shops and office-blocks. Furthermore, the pollution of the external 
atmosphere by the waste products of industry and primitive power-generation, and the matching 
pollution of the indoor atmosphere by human respiration and the inefficient combustion of 
illuminants, both served to aggravate problems that would have been almost intolerable without them.
For methodological reasons, the main technological changes, which took place in 
architecture within the period covered in this section, will be examined in regard to the 
framework proposed in chapter 1 (ie. to changes in the flow and availability of: matter, 
energy and information).
2. 5. 2 - Energy is multiform and variable
It is indisputable that the primary elements of the natural environment - air, light, heat, 
sound and water - are crucial to the physiological and biological needs of people. It is 
deceiving that most theoretical studies and research in architecture have ignored them 
altogether and were rather dedicated to the style and form of the solid shell that contains 
these elements.
The various energy sources for buildings and the many ways in which they have been 
used in architecture have not been an issue of great concern for architects historically 
(Banham 1969; Cowan 1977a). An obvious consequence of this has been the total 
absence of a substantial body of knowledge concerning ideas, principles and techniques 
about the design of sound buildings suited to the comfort and well-being of their users.
The lack of this subject-matter has made architectural literature limited to the point that it is 
extremely difficult for one now, from the available literature, to be confident about the 
environmental conditions inside buildings in the past. Bioclimatic Design did not exist as 
a formal discipline and it was not treated as a distinct area of knowledge.
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While architectural history and theory have for a long time moved forward on the secure 
hypothesis that matter, as represented by massive building structures and components, 
was entirely satisfactory to control the flow of energy to meet people's physiological 
needs and comfort; in practice this proved to be insufficient and sometimes even 
inadequate. Depending on latitude, orientation, the size of openings, and the choice of 
building materials, among many other factors, energy, most traditionally in the form of 
fire (see section 2.2), has always been consumed in order to provide supplementary light, 
heat, dryness, etc.
Rodger (1994) points out that it is not legitimate, indeed no longer acceptable, to consider 
buildings as isolated, static objects frozen in space and time. They must be seen as 
dynamic processors of energy and materials within complex ecosystem flows. For him, 
the core issue for architecture must now become an understanding of this ecosystem's 
context within which everything happens.
It is a rare opportunity to find in the literature, deep and consistent architectural analysis 
from an integrated point of view. Banham (1969, pp. 11-12) gives a good account of this 
divergence:
It would have been apparent long ago that the art and business of creating buildings is not divisible 
into two intellectually separate parts - structures, on the one hand, and on the other hand - mechanical 
services. Yet, architectural history as it has been written up till the present time has seen no reason to 
apologise or explain away a division that makes no sense in terms of the way buildings are used and 
paid for by the human race, a division into structure, which is held to be valuable and discussable, and 
mechanical servicing, which has been almost entirely excluded from historical discussion to date.
He continues:
...the history of architecture should cover the whole of the technological art of creating habitable 
environments, the fact remains that the history of architecture found in the books currently available 
still deals almost exclusively with the external forms of habitable volumes as revealed by the 
structures that enclose them. ...no matter how profound the alterations wrought in architecture by the 
electric lamp, or the suspended ceiling, ...the fact that these alterations were not visible in outward 
form has denied them, so far, a place in the history of architecture.
Not only in the ancient times but also currently, some buildings are conceived as simple 
material protections, enclosures of space. Such practice indicates that architecture is still 
seen just as a physical cover and not the outcome of artistic intention or artwork. In past 
circumstances knowledge was lacking, there were no systematised science-based 
disciplines or tools, the practice of architecture relied mostly on visual inference. 
Architects worried mostly about visual impressions - obvious issues such as geometric 
composition, proportion, and mass.
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As there was very little information on other than visual issues, naturally, the emphasis 
of architectural design was placed on matter, or more precisely the visual qualities of the 
hard outer covering delimiting the interior environment. The architect's job was to 
compose with the elements relating to the elegance of volumes and surfaces.
Beyond being convenient, safe, firm and durable, buildings were not made to do much 
else (Stevenson 1880). Obviously monumental and religious architecture have always 
had symbolic and cultural meanings. The ultimate consideration of environmental 
systems (and energy) in the design of buildings is an important accomplishment of 
modem architecture, thus it is to be considered a recent advancement.
Nowadays, technology, knowledge and sophisticated installations have pushed forward 
those basic expectations. Buildings now can broadly influence responses and behaviour; 
they convey to their occupants persuasive notions of curiosity, novelty, appreciation, 
satisfaction, comfort, cultural identity, pride, prestige, purpose, expertise, environmental 
soundness, etc.. Buildings which once were created only to shelter people from the 
elements, turned into complex structures which became climate, behaviour, resource and 
cultural modifiers (Hillier and Leaman 1976).
Energy in architecture incorporates a number of factors to which humans react. There are 
a great number of biological, psychological, physiological and cultural needs that 
architecture and the energies of the environment have the capacity to appease. Fitch 
(1972) outlines the linkages between human beings' response to architecture and their 
full perceptual mechanism. He proposes that until basic anatomical and physiological 
needs are better satisfied through building design, human societies cannot really afford 
the luxury of an interest in the aesthetic or more symbolic properties of architecture.
As it has been mentioned before, in order to realise the way in which essential 
improvements in Bioclimatic Design techniques and theories came about, it requires some 
discernment, not only of the opportunities and culture of the time but also of the 
magnitude of the combined flow of matter, energy and information.
Until the end of the nineteenth century it was widely believed that the discomfort which 
resulted from the presence of a large number of people in a room was due to malaise or 
toxic gases produced by the people. With the evolution of scientific understanding of 
physics, medicine, comfort and hygiene, more has been learned about the kinds of 
environment which people needed in order to carry on their activities efficiently and 
effectively (It is worth noting that one of Willis Carrier's earliest air-conditioning 
installations was for the purpose of laying a fog of tobacco dust in a cigar factory, where 
environmental conditions were so bad that efficiency of workers was seriously affected).
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Cowan (1978, p.4) describes some unique advances taking place at the turn of this 
century:
In the year 1900 the steel frame was well established, and the Americans were building 
'skyscrapers';...Most major cities had recently acquired a piped water supply. Artificial lighting by oil 
or gas was common and electric lighting was a novelty. Wallace C. Sabine had written the first 
publications on theatre acoustics....and Frank Lloyd Wright was just becoming known in the United 
States.
Building materials and environmental control gears of different sorts have been invented 
and developed in order to meet the environmental conditions demanded for in the working 
and living spaces. When such materials, equipment and devices started to be incorporated 
into the building fabric, being useful part of it, then architecture had to be redefined and 
understood as a means of controlling the indoor environment.
Contemporary building practices have definitely been marked by a growing social 
demand placed on architects and engineers to implement healthy and favourable living and 
working conditions in buildings (Crowther 1992; Holdsworth and Sealey 1992; Bower 
1993). Over a long, progressive, sometimes traumatic, historical process, public wisdom 
and scientific research have finally come to the conclusion that buildings should be 
conducive to human health, comfort and general well-being.
It was this convincing concern that has backed the pressure for designers to give time and 
attention to a reasoned and scientific determination of the energy demands of people in 
buildings in regard to their thermal, aural, visual comfort. The principles of Bioclimatic 
Design were developed in order to assist architects to anticipate how these can be best 
procured, practically, aesthetically and economically, under different conditions.
Price (1994) alleges that architects should be better informed if their work is to remain 
relevant. He says that architects should know about smart materials and systems and how 
to exploit the energies of the climate. Kahler (1946, p.83) remarks pointedly: 
"Progressive architects and engineers are now trying to visualise a finished building as a 
place of comfort, livability, and maximum over-all efficiency."
2. 5. 3 - The critical reduction in use of matter
The radical changes in material prosperity and spatial refinement that have accompanied 
the development of modern architecture were largely due to a confluence of technological 
competence (information) and abundant supplies of cheap energy.
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Before the Modem Movement in architecture, people have extensively and almost 
exclusively relied on matter as the most adequate method of controlling their immediate 
environment. Solid, opaque, massive building components made of stone, brick, timber 
or cement offered people the tranquillity to secure the benefits of dryness during stormy 
rains, warmth during the cold seasons, coolness in summer, refuge in cyclones and 
tornados, and the extra contentment of acoustic and visual privacy.
Such massive construction methods have rendered other environmental benefits; heavy­
weight buildings are less easily damaged by natural catastrophes such as storms, 
cyclones, earthquakes, fires or floods; they are less likely to be destroyed by insects, 
enemies and animals and they are easier to maintain on a long term basis.
Massive buildings can provide good sound-insulation, good thermal insulation and 
equally important - good heat storage capacity. Because of the dynamic characteristics of 
the weather, this property of dense matter to absorb and store heat that is being applied to 
it, and to return that heat to the environment much later, after the heat source has been 
extinguished, has served architecture well in a wide range of climatic conditions (cold, 
temperate, sub-tropical and tropical climates).
Banham (1969, pp.20-21) asserts that the accumulation of capital, goods and equipment 
needed to produce even a modest level of civilised conditions in pre-technological 
societies, required that buildings be treated as valuable and permanent. He suggests that 
buildings were made to last, and had to be, in order to produce a sufficient return in terms 
of shelter performance over the years to justify the expenditure of labour (energy) and 
materials (matter) that went into them. He writes:
Architecture came to be seen as the conscious art of creating these massive and perdurable structures, 
and came to see itself professionally as no more than that art, which is one of the reasons for its 
present problems and uncertainties. Societies ...prescribe the creation of fit environments for human 
activities; the architectural profession responds, reflexively, by proposing enclosed spaces framed by 
massive structures, because that is what architects have been taught to do, and what society has been 
taught to expect of architects.
If multistorey buildings are being erected and the maximisation of internal space is a 
critical issue then the excessive use of matter may be inadequate. Clark (1975, p.38) 
points out that the fourteen-storey Pulitzer Building, built in New York in 1890 required 
walls almost 3m thick at the ground floor, where need for space was especially great.
Rybczynski (1987, p.55) offers a structural reason for the original decision to reduce 
matter. He advances that the boggy soil of the Low Countries frequently required pile 
foundations, the cost of which could be reduced if the foundations carried less weight. 
Dutch builders started using lightweight materials instead of stone. To accomplish the
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advantages of making walls as light as possible, they pierced the facades with many and 
large windows, whose function may have been to save weight, but which also allowed 
light to penetrate far into the deep, narrow interiors.
He observes that in the days before gaslight, this was important, and is well portrayed in 
Dutch paintings showing the bright, cheerful, sunlit rooms, in contrast to the dark 
interiors that were typical in other countries at that period.
Most societies that Banham (1969) considers as 'pre-technological', were people with 
little choice in regard to energy resources, since they were usually short of combustibles 
and other sources of useable power. Because of limitations in the forms of energy 
traditionally used, people have decisively relied on the construction of massive buildings 
to fulfil their environmental needs. Inadequacies of the interior environment were 
compensated by variances in life-style. For instance, people would put on heavier clothes 
in higher latitudes, and stop work in the afternoon heat in the lower latitudes areas, for a 
siesta, as many still do today.
Scientific studies of buildings developed mainly over the past two centuries (see chapter 
3). Possibly because of the predominance of matter as the major factor determining the 
character and performance of buildings, those studies remained mainly focused on 
structural design and building materials. Gropius' (1935, p.25) enthusiasm for the 
possibilities of using structures with minimal material is evident:
Just think of all that modem technique has contributed... Our fresh technical resources have furthered 
the disintegration of solid masses of masonry into slender piers, with consequent far-reaching 
economies in bulk, space, weight, and haulage. New synthetic substances - steel, concrete, glass - are 
actively superseding the traditional raw materials of construction.
He acknowledges that the rigidity and strength of such materials have made it possible to 
erect wide-span and transparent structures for which the skill of previous ages was 
manifestly inadequate. When modem architecture significantly reduced the utilisation of 
matter in buildings, it did not mean that modem architects have deceived the laws of 
physics and tradition, and made buildings intrinsically leaner, more economic with less 
material resources.
The amount of energy needed to maintain a required internal temperature in a building 
depends upon both the external climatic conditions and the fabric of which the building 
envelope is made. The material diminution promoted by modem architecture was feasible 
because the technology of how to provide an energy compensation to its climate 
modulation function was already available.
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No direct correlation can be made, but it is a curious fact that this corrective compensation 
(one reduces the application of matter in architecture but needs to augment the amount of 
energy to keep it effective) is historically concomitant to the revolutionary proposition 
about the interchangeability of matter and energy brought by Einstein, he was the first to 
equate matter with energy (E = mc^).
Another interesting point is that the ingress of the new lightweight materials brought 
forward radical changes to the many conventional roles that walls have always had. The 
new materials permitted walls to function merely for shelter and privacy, rather than as 
foundation and support for the structure. The discourse about the abolition of the massive 
walls emphasised only the supporting, structural and separating function of the wall. No 
substantial appraisal and concern were theoretically fostered on the traditional 
environmental-regulation function of the wall.
The modern skyscraper can be understood as a result of a series of technological 
innovations supported by intensive-energy developments. Its fabric is mostly composed 
of materials such as steel, glass, cement and aluminium, all of which are highly energy 
intensive. It is basically due to the physical-chemical properties of these materials, 
obtainable by huge inputs of energy, that the modem commercial building becomes 
operative. Without them it would be bulky and inefficient. The material nature of the 
modem tall building is a direct and logical consequence of increased availability of energy 
and information, which perceptibly rendered them possible, economical and functional.
But the energy demand of those buildings is not only allocated to their material 
constitution, without an energy subsidy to the flimsy glass-curtain towers of the 
International Style (a capricious derivative of the modem movement), they would be 
simply uninhabitable. These glass-walled buildings simply defy nature; with their 
precarious fabric, they look immune to the weather outside; self-contained enclosures 
isolated from the contingencies of the surrounding climate. However, they absorb heat 
like a greenhouse when the sun shines and lose it as quickly when the weather turns cold. 
If left to themselves they become uninhabitable and unusable.
A good and famous example is Philip Johnson's Glass House which according to many 
critics almost escapes from matter into pure (information) idea.
...of all Johnson's works at once the most personal and universal, a single living unit plugged directly 
into the going sources of power and totally opened to nature thereby. If those sources were to dry up, 
the shape of the problem would change, but the fundamental humanist challenge would remain: how 
to use technology in order to be free; how to shake off conceptual limitations in order to be released to 
all the choices of life and the magnificent rhythm of the natural world. Johnson is fond of saying that 
he couldn't live in the Glass House without the brick one. (Scully et al. 1979, p.8).
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Since energy became recognised as a relevant issue in architecture, building materials and 
structures were no longer seen as the only objective concerns in design. Modem 
buildings developed with strong dependence on energy, and it became imperative for 
architects to consider from the outset all schemes; the source of energy; the thermal, 
acoustic and lighting environment; the performance and behaviour of related equipment 
and materials; the amount of energy embodied in building materials, etc..
A change in attitude and qualification can be seen as the next repercussion (this will be 
discussed in chapters 3 and 4) because clients and the profession realised that a shoddy 
design could not proceed simply by passing it over to a consultant engineer.
2. 5. 4 - Energy for human convenience
It has been suggested by Girouard (1978, p.256) that as long as large numbers of 
servants were available to light the candles, tend to the fireplaces, heat up and carry 
water, and empty the chamber pots, there was not much incentive to improve the 
environmental services of buildings - lighting, heating, water supply and sanitation.
Definitely, the modem era is no less remarkable than the one in which the existing 
technology was born (Industrial Revolution). It has been based on information, applied 
technology, and marked by huge increases in the production of special kinds of matter 
(metals, plastics and chemicals), the use of oil, electricity and the atomic nuclei as an 
energy source for industry, transport and the electrification of cities, the telephone, radio, 
telegraph, television, photography, facsimile, scientific medicine, the use of motor cars, 
aeroplanes, space exploration, the computer, etc..
Clark (1975, p.28) points out that the energy-intensive lifestyle, characteristic of the 
Western industrialised world today, was born with the first oil well and the exploitation 
of coal. He maintains (p. 35) that as electricity began to be more widely available, so did 
the means of tapping into it to perform work that up to that time had been performed by 
muscle power. It was at about 1900 that the term 'labour-saving device' was coined, and 
electrical appliances may well have served as the inspiration for it.
It has been widely claimed that such electrical conveniences have helped to solve the 
problems of the shortage of domestic labour. In fact, mechanical power has changed 
completely the status of modern society. One major factor of this change is that the motor 
which one worker in a plant has to control is operated by pushing a button or twisting a 
dial, and this can be done effortlessly by anyone, without expenditure of energy and 
strength. This indicates that for the operator of such tackles, information is more useful
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than strength; the skills of a well-educated, informed person becomes more important 
than the power of a big man.
Householders and office workers nowadays, especially in some industrialised countries, 
have at hand a long list of electric and electronic appliances; some of these can even be 
managed by remote control or self-timing devices. Many of which can do an amount of 
work equivalent to that of several human beings*.
The many consequences of the ease and availability of electric power could go on and on, 
especially in the way buildings are designed and used. It has been suggested (eg. 
Rybczynski 1987) that the idea of an efficient and modem home originated out of a union 
between women’s efforts to rationalise and organise house-work and theories that had 
been developed to improve industrial productivity in factories. The catalyst agent that 
made it possible being the electric power and electric appliances. This functional approach 
may have led to Le Corbusier’s slogan: 'The house is a machine for living in.'
Modem architecture developed along with technology that has become increasingly 
information-centred. The technology applied in architecture during this century has been 
based almost exclusively on science. The architecture done in the past was marked by a 
strong dependence on human strength, skill, and intuition. What used to be done by rule- 
of-thumb or trial-and-error is now entirely determined by precision and scientific rules. 
What then becomes obvious is that with modem architecture, not only energy but also 
science (information) became determinant factors.
Considering the ‘information’ factor, Cowan (1978) suggests that the history of building 
technology can be divided into two distinctive parts. The earlier, during which it was 
mainly empirical, and the later, during which it is based more and more on science.
But where to set the lines that demarcate the old, traditional architecture from the modem 
movement? Banham (1975, p.10) points out that for the art of painting, the date that 
divides the new from the old is tacitly allowed to be somewhere around 1900, in the 
period of the style known as Art Noveau. Whether one takes Art Noveau to be the last of 
the old-fashioned styles, or the first of the new-fangled ones, it can be agreed that this 
period represents the division between new and old, because most of the attributes of the 
new, or modem architecture, appeared during the turbulent years in which the style 
flourished, even if no building of the period quite warrants the label 'modem'.
* Buckminster Fuller made an estimate by the early 1940s (quoted in Ward and Dubos 1972, p.44), of the 
amount of muscular energy needed to produce the then available supplies of power, and suggested that 
each American had the equivalent of 153 slaves working for him. Ward and Dubos estimate that by the 
early 1970s, the figure would probably be near 400 slaves, and they do what slaves traditionally did - light 
domestic work, cook food, carry people about, rush in with fans and heaters, deliver clothes, play music, 
remove garbage, etc..
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In another book, Banham (1969, p.44) emphasises:
The tenuous curves, pale walls and luminous decorations of Art Nouveau would be unthinkable 
without electric lighting, not only in the purely physical sense that effluent of gas lighting would 
have rotted delicate fabrics and darkened the decor, ...Insofar as Art Nouveau is the first of the new 
styles and not the last of the old, it is in its determination to repudiate the norms of the nineteenth- 
century interior design, including its environmental standards. Art and technology combined to reject 
the dark, the coarse, the overstuffed, and the stuffy.
He points out that there had been previous attempts before the 1890's, but, he says: 
they had been relatively inconsequential in the absence of a fundamental revolution in environmental 
technique. But if the sudden availability of electric lighting marks the turning point in that revolution, 
...the evolution of the kit of parts needed to revolutionise the environment of men is a history in 
itself.
For him what seems important is to establish the changes in the type of environmental 
power that could be delivered into an inhabited space. He recalls (1969) that in the middle 
of the nineteenth century, the nature of that power was still primitive, its basic 
characteristic was that fuel was burned more or less at the point where power had to be 
applied - coal or wood in grates and boilers, oil, gas or fat in lamps and candles. Not 
having machinery of domestic scale most of this power had to be applied directly and 
crudely to the immediate environment, sometimes in the form of drive shafts and belt- 
drives. The notion that water could be heated, and then circulated through pipes, afforded 
the model of most later forms of sophisticated environmental control - the burning of the 
fuel at one convenient point, and the application of the energy thus generated at some 
other convenient or necessary point.
2. 5. 5 - Functionalism
Rybczynski (1987, p.193) observes that it was not the absence of wallpaper and ogee 
trim that made a house ‘modem’, it was the presence of central heating and convenient 
bathrooms, electric irons and washing machines. He points out that like many architects, 
Le Corbusier did not, or would not accept that the advent of domestic technology had put 
the whole question of architectural style in a subordinate position.
By the beginning of the nineteenth century the word ‘biology’ was coined by Lamarck, at 
the same time, the concept of ‘morphology’ was formed by Goethe. Collins (1967) 
asserts that with the emergence of the science of morphology a dilemma in the 
interpretation of facts became manifest: does form follow function or does function 
follow form?
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Loos (1982) suggests that the old architectural traditions were disintegrating by the turn 
of this century. Many and dramatic technological, social and economic changes were 
further added to that situation by the two world-wars. As a consequence the quality and 
methods of construction have radically changed along with an increasing demand on 
architects for rational and functional buildings.
One of the popular justifications for having a new kind of architecture was that new 
building functions had arisen, and old ones had changed. Original and extra problems 
came with the emergence of entirely different building types (ie. factories, railway 
stations, grand hotels, offices, reformed prisons, elementary schools, mass housing), all 
required by the newly industrialised societies. Such building types had very specific 
technical, functional and regulatory requirements as well as complex services which 
called for changes in approach in both architectural education and practice.
Three types of building constitute, according to Collins (1967, p.230), good historical 
examples of the way functionalist idealism has influenced modem architecture - prisons, 
hospitals and theatres. All were modem creations and they possessed the common quality 
of demanding that certain clearly defined functions be fulfilled. The new prisons 
demanded maximum supervision, the new hospitals demanded maximum ventilation, and 
the new theatres imposed an overriding demand for good visibility and audibility. As a 
result of that the nineteenth century subjected them to a considerable amount of 
architectural research.
The Modem Movement claimed honesty of construction, its principle that the building 
should honestly express the construction was generally recommended. When architect 
Louis Sullivan enunciated his now commonplace 'form follows function', his primary 
interest was to reveal as distinctly as possible the functional program on the exterior of 
buildings. His outstanding work within the partnership with Dankmar Adler could not 
have been better suited to his intention. However, Adler believed that the efficiency of a 
building, and not its appearance, should be a designer's primary commitment.
This difference of opinion between the two partners may have been one of the causes for 
the dissolution of their association. But it seems now to be worthy of representing an 
emerging dilemma. Their respective ways of thinking are best illustrated in a controversy 
the two had in 1896 after they had parted ways, described by Menocal (1981, p.43). 
Sullivan had published a transcendentalist interpretation of the 'form follows function' 
aphorism, and Adler responded that Sullivan was an impractical dreamer.
Adler wrote (in Menocal 1981): "Architecture is not permitted to remain placidly 
contemplative of the march of events. The architect is not allowed to wait until, seized by
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an irresistible impulse from within, he gives the world the fruit of his studies and 
musings." 'Form follows function' meant to Adler the manner in which a master 
craftsman puts a building together by availing himself of the best planning and technology 
of his age to solve architectural problems economically, efficiently, and nobly. Buildings 
eventually become historical records if designed according to this method, and their 
architects ensure themselves a place in history. 'Function and environment determine 
form' was to him a truth more important than 'form follows function.'
Functionalism eventually became the most important ideal of modem architecture. 
M odem architects had to grasp functional and environmental problems for which 
previous or existing theory had no direct recommendation. Even while traditional building 
materials and old styles of ornament were employed, the new functions compelled the 
architects to build in configurations and sizes without precedents. The new functions 
could be squeezed into the old forms only up to a certain limit.
All of these changes have exerted enormous pressure to set new limits to the discipline 
and practice of architecture, either by increasing the depth and refinement of the 
architect’s information basis or by adding to it new issues (see chapters 3 and 4). Stevens 
(1988) notes that a pro-science attitude was developed by the Modem Movement in the 
first quarter of this century and that it became the orthodoxy in architectural thought by 
the 1950s.
The functionalism of the 1920s and '30s advocated that the form of a building, and 
particularly its plan, should clearly reflect and express the nature of the activities carried 
on inside that building. Corbusier's slogan 'The plan is the generator' is a clear axiom of 
this concept. Architecture was designed from the inside out, and contained by glass and 
lightweight materials. Its internal forms, spaces and functions were made evident to the 
observer on the outside, by the pattern of openings, the modulation of the structural 
elements, the external shapes, and the constructional details.
To cope with the industrial age, buildings of many types had to be designed and 
constmcted quickly. The reconstruction of Europe after the wars, and the American 
postwar economic boom, required fast and cheap ways of building that would be suited 
to mass production and industrialisation. The new emphasis was on speed and the 
provision of affordable buildings.
For critics, like Marinetti, (in Banham 1960, p. 124), who believed the activity of 
architecture to be a social art, because it serves not only immediate human needs but 
because all cultures have made use of architecture to organise and present their essential 
ideas, the arguments and contrasts of modern architecture are to be found in social forces:
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...the spirit of democracy and the decay of religions have made completely useless the vast permanent 
and ornate buildings that once used to express royal authority, theocracy and mysticism. The 
contradictory forces of the banks, the leaders of fashion, revolutionary syndicates, metallurgists, 
engineers, electricians and aviators, the right to strike, equality before the law, the authority of 
numbers, the uprising power of the mob, the speed of international communications and the habits of 
hygiene and comfort, demand instead large well-ventilated apartment houses, railways of absolute 
reliability, ... hillside villas open to the breeze and view, immense meeting halls and bathrooms 
designed for the rapid daily care of the body. Aesthetics, responding directly to utility, have nothing to 
do nowadays with royal palaces of imposing line and granite basement ...we oppose them with a fully 
mastered and definitive futurist aesthetic of giant locomotives, spiral tunnels, ironclads, torpedo boats, 
...monoplanes and racing cars.
The analogy between buildings and machines has had a great influence during the last two 
centuries. It tried to elucidate the principles of the new architecture. As a member of the 
Futurist Movement, Marinetti discusses the relationship of architecture and technology in 
a curious, science-fiction passage. He talks (in Banham 1960, p.125) about people of the 
year two-thousand, who will live in an Italy whose power, derived from the harnessing 
of the sea, will be controlled by a kind of technocracy of engineers who:
...live in high tension chambers where a hundred-thousand volts flicker through great bays of glass. 
They sit at control panels with meters, switches, rheostats and commutators to right and left, and 
everywhere the rich gleam of polished levers. These men enjoy, in short, a life of power between 
walls of iron and crystal; they have furniture of steel, twenty times lighter and cheaper than ours. They 
are free at last from the examples of fragility and softness offered by wood and fabrics with their rural 
ornaments. ...heat, humidity and ventilation regulated by a brief pass of the hand, they feel the 
fullness and solidity of their will...
The mechanical theme has certainly been a frequent detail of the theoretical writings of the 
Modem Movement. Two parallel traditions of analogy in functionalist aesthetics can be 
identified - one looking to the works of nature where function is natural and organic; and 
the other one looking to the works of mechanical and civil engineering where function is 
programmed and rational.
2. 5. 6 - New Materials
General progresses achieved in technology laid the foundation for a complete 
transformation in building design, materials and construction. This was based on the full 
realisation of the physical and chemical properties inherent to the new materials - steel, 
glass, reinforced concrete, plastics, particle boards, fibre boards, etc.. In 1851 Joseph 
Paxton gave the image of the Modem Movement when he built the Crystal Palace, a 
structure of iron and glass for the London Exposition.
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The Modem Movement postulated that matter, as represented by the building structure 
had to present clarity of expression, the structural logic was to be exposed and not 
concealed beneath any forged decorative surface. The nature of the materials themselves 
was to be apparent and materials were to be used only in circumstances and for purposes 
appropriate to their special properties.
As early as around the mid-nineteenth century, P.J. Ardant, a lecturer at the School of 
Artillery and Engineering at Metz (in Collins 1967, p.194) was emphasising this ideal of 
sharpness:
Construction is defined as the art of making solid buildings with all the economy desired", and the 
first rule for obtaining this economy is: “never to admit in the planning and decoration of a building 
any combination which is not in perfect harmony with the usages, climate and constructional 
materials of the locality.
Minimisation and compactness made possible a leap in construction productivity. This 
significantly reduced the amount of man-hours needed to erect a structure. This principle 
fits precisely into the proposed framework, considering that rationalisation and the 
optimisation of resources become a true mark of this movement. Many modernists 
professed that architecture had to employ the science (information) and materials (matter) 
of its time and so establish the needed synthesis with its times through the medium of art.
Successful synthesis has been achieved in modem architecture by making proper use of 
the available knowledge about the physical and chemical properties of the materials. The 
claims of the Modem Movement in making all building features apparent and explicit can 
be well understood as a symbolic manifesto - an informative expression of the capabilities 
of civilisation at the time - architecture as the crystallisation of the tmths and values of 
society; a society capable of producing the information which actually proved to permit 
fantastic progresses in building with minimum quantity of matter.
Modern architecture removed all the excessive, bulky materials and expensive 
craftsmanship. The wide application of standard components, consisting of plain thin 
walls and undecorated rooms made a virtue of standardisation, and, as Rybczinsky 
(1987) asserts, for that reason alone, became very attractive as a business.
With the course of industrialisation, matter has become more and more ingrained with 
information; products, buildings and building components are being designed rationally, 
meticulously, scientifically, to perform very specialised functions. The precision with 
which materials are designed, produced, assembled and joined is just unprecedented. The 
construction of new buildings is almost entirely a process of assembly of already 
manufactured or processed materials.
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As discussed elsewhere, the typical materials used in modern buildings embody vast 
amounts of energy. Connaughton (1992) points out that the building materials industry is 
relatively energy intensive, second only to the iron and steel industry, of which some of 
the products are used in construction.
Steel, aluminium, glass and cement are all high-energy products* (aluminium is popularly 
considered 'solid electricity). Clark (1975, p.148) asserts that the steel industry used 6 
percent of the American energy supply to manufacture steel, and the manufacture of 
aluminium in the USA represents 4 percent of all the electricity consumed annually in that 
country (around 1975).
One could thus characterise modem architecture by its rational assumptions; economy of 
means, aesthetic economy, structural economy, economy in space, etc.. Curiously 
enough, it is not an economy which extended to the use of energy. The fundamental 
issues of energy use and conservation and of environmental control have been unknown 
to much of the theory and polemic of modem architecture. They became pertinent 
because of the consequences caused by some radical changes introduced to building 
materials, and possibly because of the strong emphasis on electro-mechanical technology 
and devices. The fact is that, after the energy crisis of 1973, energy has finally been 
brought into it as well as into the architect's awareness and attention.
2. 5. 7 - The support of the applied sciences
Science is progressive and cumulative. There are products, data and solutions that could 
not have been obtained before certain ideas, tools and techniques become available. 
Modern architecture developed and could only be carried on in an era of applied science. 
By using accurate figures and data, architects could conceive, make and assemble 
buildings and components of standardised configurations, rationally fabricated in mass 
production. Modem architecture has been clearly based on rational planning, employing 
logical methods, honesty of construction and pursuing practical, functional objectives.
^Energy consumption in basic material processing per Ton (American ton. = 907kg) of product.
Material Energy used for production, manufacturing equipment use, and
transportation of finished goods (in thermal kWh)
S te e l-------------------------------------------------  12,600
Aluminium ----------------------------------------  67,200
Cem ent-----------------------------------------------  2,300
Finished plate glass —....................................  7,200
-After: Makhijani and Lichtenberg (in Clark 1975, p.152)
A thermal kilowatt-hour is an energy measure that takes into account the efficiency of the electrical 
production and distribution system. lkWh (electricity) = 3 thermal kWh.
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According to Steadman (1975, p.14), an outcome of all these urgings about 'truth' to 
materials and to building function was that the external envelopes ol buildings became 
largely just consequences, secondary resultants of their internal organisation and material 
structure. In some cases (typically represented by buildings with large expanses of 
unshaded glass), only immense heating and cooling equipment could adequately temper, 
by massive consumption of energy, their exposure to the energies of the environment.
It has been often suggested, even by those ardent supporters of Bioclimatic Design, that 
energy cannot be taken as the sole criterion in architectural design. This is fair, however, 
one has to realise that it was indeed energy, particularly in the from of electricity and 
fossil fuels that made some impressive modem buildings fit, useable and habitable.
This prominence of 'energy' is not in opposition to the traditional, regional approach in 
architecture, where the character of the 'shell' of buildings often arise, out of the physical 
structure and materials of construction, virtually as a protection from the elements. They 
work to keep out wind, rain, excessive sun, heat and cold, and to keep the inside warm 
or cool according to the season. Unlike the vernacular model, in some contemporary 
buildings the brief is fitted as best as it can into a formally rigid containing shell.
Contrary to its principles, unfortunately the Modem Movement degenerated into a style. 
Gropius (1935, p.20) protests that modem architecture became fashionable in several 
countries; with the result that formalistic imitation and snobbery distorted the fundamental 
truth and simplicity on which this movement was based.
What the various interpretations of 'modern architecture' have in common is something 
hard to ascertain. Their minimum common characteristic is that materially and in their use 
of energy they are not like any architecture that existed before. Modem architects were not 
only interested in fashionable forms, but functional buildings that could work 
realistically.
Scully et. al. (1979, p. 15) remark that Philip Johnson used the term 'modem style' very 
early in his writings on architecture, to refer to the new architecture which up to then had 
been referred to in the European context as the 'Modem Movement' or 'Modem 
Architecture'. At the same time Johnson acknowledged its 'international' character. They 
were a mix of aesthetics and pragmatics - steel frame, glass wall and flat roof; 
standardised construction made possible by mass production; the facade as a reflection of 
the more important plan.
Modern architecture featured some correlations with the other contemporary plastic arts 
(see Bauhaus - 50 years Catalogue 1968). It suited the twentieth-century search for more
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efficient living, it fomented remarkable advances in building construction and building 
science. Benefits from new constructional materials and techniques originated in other 
remotely different fields of activity. The development of materials science brought about 
such items as paints, metallic coatings, sealants and special glasses which are now part of 
the climatic control systems of buildings.
This aspect is relevant because a connection must be established between the modernity of 
buildings and the exceptional development in science, materials, energy and technology 
which was particularly representative of this period in history.
Le Corbusier (1965) emphasises:
A house is a machine for living in. Baths, sun, hot-water, cold-water, warmth at will, conservation of 
food, hygiene, beauty in the sense of good proportion. ...Our modem life, ...has created its own 
objects: its costume, ...its typewriter, its telephone, its admirable office furniture, its plate-glass and 
its 'innovation' trunks, the safety razor and the briar pipe, the bowler hat and the limousine, the 
steamship and the airplane. Our epoch is fixing its own style day by day, ...It is there under our eyes. 
Eyes which do not see.
A real example of bold progress is the case of iron, an artificial building material which 
appeared for the first time in the history of architecture. One distinctive feature of iron 
construction is that it offers the maximum of structural strength with the minimum of 
matter, its architectural value therefore lies in the creation of voids, not solids. Another 
interesting aspect about it is that this new material was at first employed only in making 
machines. As its application expanded, the analogy between buildings and machines came 
about (Giedion 1967, p.169).
The case of reinforced concrete which became the most important structural material in the 
twentieth century, is similar. It is worth quoting Francois Coignet's proposal to erect a 
concrete house at the Universal Exhibition to be held in Paris in 1855. His explanatory 
comments (in Cowan 1978, p.32) reveal remarkable vision:
Our customs no longer require these enormous and solid constructions which impose on future 
generations the tastes and architecture of the past. ...This solution is certainly opportune today, for the 
reign of stone in building construction seems to have come to an end. Cement, concrete and iron are 
destined to replace it. Stone will only be used for monuments.
Metal-frame construction began its major evolution and expansion with the Chicago 
skyscrapers in the mid-1880s, as a result of its resistance to fire. This was a new market 
for the steel industry after it had supplied the rails and the bridges for North America’s 
railroads.
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Frampton (1985, p.29) stresses that iron was avoided for dwelling-houses, and made use 
of for arcades, exhibition halls, railway stations, offices, buildings which served 
transitory purposes. Simultaneously the architectonic areas in which glass was employed 
were extended. But the social conditions for its increased utilisation as a building material 
only came into being a long time later.
Similarly, the story of Portland Cement and its constructional development, though dating 
back to the 1820s, is interesting and well documented. Banham (1975, p.43) states that in 
Paris in the early twenties it was possible to talk as if modern architecture had been 
caused by reinforced concrete, "...modernity lay in the functional planning, the forms of 
the exterior, and was spread thinly over the surfaces to conceal the unmodem material of 
which the structure was so often built." The freedoms originally brought to architecture 
by reinforced concrete and metal framing had less to do with the ability to project 
cantilevers than with reducing the mass of supporting structure at ground level. Columns 
could be slighter and further apart, thick supporting walls were no longer necessary.
As is well known, the greatly increased use of iron in architecture from the middle of the 
eighteenth century onwards was due to an energy episode - the substitution of coke for 
charcoal as a means of smelting iron ore, whereby cast iron was henceforth produced in 
large quantities (Collins 1967, p.196).
In general, the possibilities in steel and reinforced concrete for creating buildings in which 
successive floors grow larger in plan as one ascends, and walls that can be stepped 
forward, instead of being battered back in the common manner, give on a constructive 
basis, the fundamentals for an architecture of an optically immaterial aspect.
One can see in all major cities of the world these enormous buildings appearing like 
almost floating in the air. The refinement of major buildings during this period goes 
toward structures more directed to synthetic unconventional matter; the result has been an 
architecture with an appearance rising clear of material considerations; buildings present 
themselves as large mirrors of their surroundings, architecture as a sort of nothingness.
Another factor that must be considered is the increasing indirect-energy use in such 
commercial buildings, through the use of synthetic materials and plastics made from 
fossil fuels. Many important changes in the material characteristics of contemporary 
buildings were becoming obvious, and they were due to the relationship of energy use to 
the production and use of manufactured products.
It is clear that many modern architects had a sound understanding of the physical 
properties of building materials; they skilfully used their lightness as important features in
174
CHAPTER 2 - SECTION 2.5
their designs. Energy, however, as a new design issue, was in a transitional period. Few 
architects recognised and had adequate knowledge about the environmental consequences 
of changing the material character of buildings by replacing the traditional thick masonry 
walls with thin wall panels, and particularly glass walls.
Many examples of buildings with sound orientation, siting and sensible consideration of 
their surrounding environment, were done with emphasis to natural lighting; sometimes 
with the sole attention to the aesthetics of the play of light upon simple sculptural forms. 
Occasionally good examples were associated with ideas of hygiene and health - part of 
the distinct vision of the new industrial way of life.
Many designs were made to admit light and air; to exploit the new possibilities of plate 
glass in large areas of window as a means to integrate the building to the surrounding 
environment (eg. Richard Neutra, Oscar Niemeyer, Walter Gropius, etc.). Most of them, 
however, have never considered the side-effect of greatly increasing the rate of heat loss 
from buildings in cold weather, and of over-heating the interior, in the summer.
Frank Lloyd Wright can be seen as one of the exceptions; his design for the Larkin 
Building (Fig. 6) stands alone in the history of environmental control. It was one of the 
first 'hermetically sealed' buildings. All thermal and ventilation needs were deliberately 
handled internally by mechanical equipment.
Fig. 6 - Central Court of the Larkin Building. The 
open interior in contrast to the austere exterior 
(Source: Lipman 1986, p. 18)
The Larkin building site was adjacent to a railroad yard and surrounded by industrial 
buildings. The foul air surrounding the site was the primary reason for the selection of the 
sealed building approach (Temoey et al. 1985). In this building, outside air was pulled 
from above the stair towers down to the basement where a water wash filtered solid
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particles from the airstream. In the summer, the same water wash evaporatively cooled 
the air and, along with venting hot air from the top of the atrium, provided the only means 
to cool the building. In winter, the washed air was heated and distributed by fans to each 
floor.
According to Ternoey et al. (1985), Wright's solution resulted in a tight building form 
with limited exterior exposure, the office floors were placed around an atrium and the top 
was capped with a large glazed skylight. This building's atrium was essentially a buffer 
zone, a spatial control device that created a sequence of environments in series. Although 
this building does not represent the first time architectural form was used as a buffer, it 
used a very inventive extension of the concept that included, for the first time, the ability 
to cool a building from within.
2. 5. 8 - Form  or Function
Contemporary architecture has been designed with the use of simple geometric forms that 
outline basic units of composition. Building elements or structural parts of volumes are 
usually restricted to plain rectangular shapes; straight-line clean-cut forms that machines 
can render. This points to the underlying reason for the inadequacy in energy terms of so 
many buildings which seemed so pleasing in drawings and photographs. Their spaces 
had been arranged conforming to artistic principles of formal composition, rather than to 
facilitate basic human requirements.
For Le Corbusier (in Banham 1960, p.225) there is no question of the primacy of plan, 
"the plan is at its basis ...the plan bears within itself a primary and predetermined rhythm 
...the plan carries in itself the very essence of sensation." Banham indicates that the 
insistence on the importance of the plan echoes, if it does not repeat in detail, the meaning 
attached to the elegancies of the paper pattern of a building's plan at the Ecole des Beaux- 
Arts, where the building and its elements, being of conventional form and structure, have 
their distribution on plan largely determined by its facades.
It seems evident in Le Corbusier's work and writings that he favours an architecture of 
elementary geometrical forms. The main ability of the designer lies in the distribution of 
these forms in plan and in the composition of the incidents on their surfaces. This design 
approach puts excessive emphasis on the plan as a work of art in its own right.
Dwight D. Eisenhower is credited (in Tompkins and White 1984, p. 19) with saying, 
"The plan is nothing, but planning is everything." This opinion is of great pertinence to 
what is being discussed. A premise which pertains to suictly visual art forms like painting 
and sculpture is that their motifs are essentially disconnected from and independent of the
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energies of the surrounding environment. The merits of an artistic design is supposed to 
lie not so much in their contribution to physiological well-being, but in their allusion to 
some seemingly, imaginary situation or abstract concept.
By making the plan of a building a distinct object of art, one affronts the reality of 
architecture. It is abusive that some still propound special invocations such as originality 
and caprice. Within the architectural realm this exercise directly translates into a lack of 
concern for energy, environment, and all that is physical, contingent, functional or 
human. If one favours this approach, factors such as the weather, the cultural context, the 
physical reality and human needs represent no relevant issues for architecture.
To recognise the importance of 'planning' is to render architecture in favour of design for 
human beings to dwell, to experience invigorating delightful spaces, to rest comfortably 
and to work efficiently. Architects that advocate 'planning' to 'plan' affirm their integrity 
and basic responsibility in the making of healthy, efficient, unique, comfortable places.
The notion of architecture as pure visual composition, as a matter of artistic pictorial 
representation, or a vehicle for designers to become famous artists, has been often 
resolved with a very deceptive simplicity; architecture becomes the result of an exercise of 
geometry where the designer gives body to lines and planes and volumes between spaces. 
Something similarly to what is implied in the universal geometry of horizontals and 
verticals of Mondrian's works.(Some works of Walter Gropius, Mies van der Rohe and 
G. T. Ritveld are good examples of this approach).
Obviously this does not imply that all members of the Modem Movement were abstract or 
capricious designers. Giedion (1967, p.479) writes that the work of Peter Behrens 
(1868-1940) was an exemplar of good German architecture at the start of the twentieth 
century. Behrens rapidly became well-known as a result of approaching the industrial 
plant as an architectonic problem. He transformed the factory into a dignified place of 
work. His atelier was the most important in Germany, and the most celebrated figures of 
the Modem Movement (Mies van der Rohe, Gropius, and Le Corbusier) worked there.
Very often in the literature, and this is easy to confirm, the guiding intention behind 
exuberant architectural forms and the images through which they have been studied is to 
portray architecture as the product of visual artistic skills (painting, drawing or sculpture). 
Buildings designed and represented in such picturesque way as to insinuate that their 
forms look like abstract paintings or/and sculptural urban objects.
Because abstract, transcendent building forms seem unattainable by the application of 
traditional heavyweight materials, the attempt to achieve an architecture based upon pure
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geometry has always strived toward immateriality. Hence the appearance of many modem 
buildings and their decor are minimal, artless. The sparkling reflective glass towers have 
become the epitome of such pursuit and they are now common entities in most cities of 
the world.
At first this propensity of some contemporary buildings had the consequence of drawing 
away attention from concerns with environmental performance and site context. For 
many designers the central regard became the formal, visual interest in simple geometric 
forms; justified partly in reaction to the ornamentation and historicism of the 19th 
century, and partly to be in sympathy with the artistic appeal of the Cubists or of De Stijl.
Attacks on the abuse of ornamentation did not start with modem architects. An early 
example was contained in a Memorandum distributed to the French National Assembly in 
1789 by J.B. Rondelet (in Collins 1967, p.203). From the time of the Renaissance, 
architects had been far too preoccupied with decoration, and had made this accessory part 
of architecture their principal aim. Rondelet wrote that the origin of the abuse could be 
traced to the fact that when Gothic architecture was abandoned in Italy, the first architects 
to follow the new fashion had been painters and draftsmen, who had nothing but 
decoration in mind. Hence decoration was more congenial to them than planning and 
construction, because the latter demanded specialised knowledge.
The systematic process of stripping ornaments away from architecture was preached and 
practiced by the Viennese architect Adolf Loos. In 1908 he published an essay entitled 
'Ornament and Crime' which advocated the abolition of all ornament from everyday life, 
including from architecture. Loos (1982) equated the urge to ornament with primitivism. 
The crime of ornament was that it wasted society’s resources, both money and people’s 
time on what, in his opinion, was both unnecessary and archaic.
The flat-roofed rectangular glass tower became the prototype building of the ornament- 
destituted architecture. For some decades, it represented the standard of the 'International 
Style' a designation which obviously denotes the lack of concern in design for the 
differences of culture and climate throughout the world. It became as fashionable in 
Canada as in Rio de Janeiro.
2. 5. 9 - Concern with energy
The indiscriminate application of the principles of modem architecture together with the 
rapid urbanisation of the world and an exceptional increase in the needs for shelter 
(mainly after the Second World War), produced an entirely new way of building. This 
was followed by radical changes in the lifestyle during recent decades.
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In face of such contingencies, to which the traditional approach to architectural education 
and practice had to gave way to, an entirely active way of building emerged, which 
unfortunately has consistently disregarded energy and environmental considerations and 
relied heavily on mechanical means for comfort.
It became evident that a large proportion of the buildings resulting from this approach 
were and are inefficient or ineffective in a number of ways, including energy, human 
comfort, occupant health, productivity of workers, etc.. Much of this problem arose 
when advances in technology and lightweight structural systems allowed entirely new 
forms of architecture to be created, together with the promise of complete control of an 
ideal interior environment.
Considering the recent criticism of the 'International Style', it seems apparent that its core 
ideas, namely resolution of materials, formal abstraction, minimalism and sculpture have 
proved to be insufficient to address issues such as the energies of the climate and regional 
culture (this will be discussed in chapter 3). Abstraction in buildings is far more 
perplexing than in the visual arts. One can be quite indifferent to an abstract painting, but 
an abstract building requires its users a high level of competence to decode its meaning 
and enhance its appreciation.
The uncompromising formalistic attitudes of many contemporary architects in exploring 
the material attributes of buildings, disregarding the energy consequences and the well­
being of occupants, was only permitted because technology could ensure habitability of 
those ill-designed buildings through the massive use of energy. Improvements in indoor 
environmental control technology and more specifically in lighting and air conditioning 
have made architectural form increasingly independent of climatic considerations, but this 
was achieved at a very high price in energy terms.
Energy played a major, yet not a well-recognised role in all this. It was only because of 
the ready availability of cheap energy during the corresponding time, that the pursuit of 
contemporary architecture to formal freedom from site and climate was made possible. As 
the rise of living standards and the demands in comfort have risen, the energy demand for 
conditioning buildings has significantly increased. Since the energy crisis of the 1970s, 
energy and the environment have become strong determinant factors in design.
As mentioned elsewhere, urban people can spend more than 80 per cent of their day in 
artificial atmospheres. They work, study, sleep, and entertain in environments which are 
under complete artificial control. Research in Bioclimatic Design has indicated that mere 
subsistence standards in these environments are not good enough (eg. Fanger 1972; 
Cooper 1982a). The complex demands found in newly explored sensory and
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psychological areas reveal the minimum as a vulgar goal, when there is so much to be 
enjoyed in health and comfort beyond the minimum. Surely this is one of the important 
endeavours in the modem world of science and technology.
Currently, complex buildings provide the mechanical and electronic means to sensitive 
control of the user's needs using traditional or new solutions, or a blend of these. But this 
does not exclude or change the basic role that architecture, through its fabric and pierced 
shell, has always had in providing its users with a sense of comfort, delight and well­
being. Bioclimatic Design has been systematised and passes on the totality of this idea so 
that it can be objectively understood, practiced and valued.
The highly purposeful designs of many outstanding mechanical objects and industrial 
products have most of their features delineated from determined needs. Cars, aircrafts and 
many appliances are deemed to be both beautiful and efficient. The building industry, 
from the architect to the builder, has not yet made comprehensive use of the accumulated 
knowledge of Bioclimatic Design. Buildings are much more substantial than many 
artefacts; and they too could be successfully designed in an artistic and scientific way.
The architects' task is to study the properties of new materials, new equipment and new 
techniques. They have the responsibility to ensure that buildings meet people's physical, 
physiological and psychological demands and that they contribute to the local culture.
Some contemporary buildings (especially those created by imitators of the modem style) 
attempted to deny the inevitable interactions with their surrounding environment, and 
subdue them with expensive and energy hungry systems. Bioclimatic design proposes a 
more d im  ate-sensitive approach which recognises and responds to local characteristics 
and to seasonal and daily changes in the environment for the well-being and comfort of 
the occupants.
The lessons of the authentic Modern Movement in architecture (as represented by the 
work of Aalto, Frank Lloyd Wright, Le Corbusier, Gropius, Oscar Niemeyer, Neutra, 
Kenzo Tange, etc.) still provide worthy inspirations. It is quite deceptive to compress the 
whole of modem architecture together as a rootless, insensitive phenomenon. Its best 
buildings have been based upon fundamentals abstracted from the knowledge of the past, 
some even provide valuable references towards a legitimate influence and reputation for 
the present.
180
CHAPTER 2 - SUMMARY
Summary of chapter 2
The following main events and phases were identified in relation to the development of 
Bioclimatic Design: the primitive hut - and its categorical use of bare matter as a 
means of immediate protection; the use of fire - as the earliest employment of energy 
conversion for human comfort; the Agricultural Revolution - human provision to 
store solar energy which stretched the availability of energy permitting fixed, permanent 
habitation; more recently, the Industrial Revolution - which sparked Lhe application 
of concentrated forms of inanimate energy sources; and the Modern Movement in 
architecture which radically changed the material character of architecture and brought 
scientific reasoning to the environmental control function of buildings.
A sequence of stages can then be suggested:
1 - Primitive people lived with nature, being only marginally different from their ape 
cousins. There was no other choice but the original 'bioclimatic existence'.
2 - The application of matter in the primitive hut and the use of fire gave people the 
incipient mechanisms for the conscious modification of the natural environment with 
the provision of pleasant, personal micro-climates.
3 - With the Agricultural Revolution people exploited nature for their and their animals' 
biological existence, but they were still strongly dependent on climate. Deliberately or 
instinctively their actions had to follow bioclimatic principles.
4 - Industrial societies made themselves apparently independent of nature, which led to 
environmental degradation. The ethos of exploiting and ruling over nature made people 
forget or ignore bioclimatic considerations.
5 - It is with the advent of the Information Age that people realise their dependence on 
nature, which leads to a re-discovery of bioclimatic principles and techniques, and to 
the systematic formulation of the discipline of Bioclimatic Design.
Interesting to observe that as one moves closer to present time, these phases become 
shorter in duration. One may notice a big jump from the Agricultural Revolution to the 
Industrial Revolution, but in fact, no significant energy sources were introduced in 
between those two events. During this interval, energy usages* consisted mainly of 
natural sources: men, domestic animals, falling water, wind, and fire from burning
* The only energy used from the time of animal domestication until about 1700 was the muscle power of 
humans and animals plus a small amount derived from burning wood, blowing wind and falling water. 
Clark (1975, p.4) asserts that the use of energy resources, before die Industrial Revolution, was low, and 
the material outgrowth did not greatly affect the lot of the average person. He writes (p. 18) that for many 
centuries, up to around 1865, wood served as the major energy source. In the United Stales, for example, 
it provided between 80 and 90 percent of die fuel for all energy requirements between 1850 and 1865.
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wood. The amounts of energy used were small compared to that produced by the 
machines that came later with the Industrial Revolution.
More significant advancements, during that time, certainly occurred in the manipulation 
of matter. It created some architectural masterpieces as demonstrated, for example, by the 
Italian Renaissance and the French Gothic buildings which were carefully sculptured, 
artistically modelled, crafted and painted, representing very delicate realistic images.
Section 2.1 suggested that the precise manipulation of matter as a means to regulate the 
exchange of energy between people, buildings and the environment has been an ever 
increasing evolving experiment. The underlying bioclimatic intuition and progression that 
followed was not so obviously an issue and hardly documented. The portable and 
flexible character of the energy of fire; the secure supply of energy from agriculture; and 
the utilisation of concentrated forms of energy in the industrial society, have all profusely 
contributed with numerous models and techniques capable of improving the com toil and 
well-being conditions of life inside buildings, as well as of refining the interaction 
between buildings and their surrounding environment.
Before the use of fire, people had available to them only that energy that flowed through 
their own bodies (’somatic energy’), taken in as food and expended through metabolic 
processes just like any other animal. An average figure for somatic energy for an adult 
human being is about 3 kWh per day. The use of fire in hunter-gatherer societies 
provided an additional source of energy (extrasomatic energy) which probably about 
doubled the energy budget of a human being to 6 or 7 kWh a day (Boyden 1987).
As it was discussed, living organisms have survived by appropriating part of the energy 
flowing through their environment that.could be captured and used within their own 
bodies. In the relatively recent past, humans have succeeded in avoiding the intimidation 
of this natural reality. When people first began using fire, they developed the ability to 
tap sources of energy external to their own bodies". And so they started modifying the 
environment by producing heat, light, and changing the landscape through burning.
Once people became capable of using fire deliberately, the energy of the biomass, 
through combustion, had always a strong and evident presence inside buildings. This 
energy was characterised by a good degree of portability and easiness of supply (nature 
could provide it). With the industrial civilisation, more powerful and concentrated 
sources ol energy were used, and centralised forms of production and distribution were
Harrison Brown (1954, p.149) writes that tor countless thousands ol years men lived at or below a level 
of energy consumption corresponding to the daily energy intake, in the form ol I'ood. Following the 
discovery ol lire, the Agricultural Revolution and the Industrial Revolution, (he total daily energy 
consumption, lor all purposes, rose to increasingly high levels per person, about 90 limes the human 
calorific intake (Stoker. Seager and Capener 1975)
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devised. The presence and the provision of energy inside buildings, although more 
essentially and in higher quantities, became subtle, out of sight, refined and remote from 
the building site.
The history of architecture, from the emergence of the primitive hut to the present high- 
tech status of up-to-date buildings, is one of advancing information on harnessing and 
manipulating matter and energy. Each stage of this evolution has been marked by an 
extension of man's ability to operate the natural flows and accumulated energy and matter 
resources.
Many of those events or phases could be elaborated at great length, but the essential point 
here is simple. The evolution of architecture as a whole, and its basic bioclimatic 
performance more specifically, have definitely been affected by the application of proper 
materials, by the use of fire, by stable residence, specialisation, improved machinery and 
the capacity to employ great quantities of energy. Ever since the advent of the Industrial 
Revolution, science has been associated with material and energy advances, and this has 
been responsible for many developments that make modern architecture possible.
The basic physiological needs and the functions of seeing, hearing, together with the 
physical properties of architecture are kept in prominence along this study, because if the 
architect is to gain a comprehensive understanding of the effect of buildings in regulating 
the flow of energy, he must be conscious about human sensitivity to certain forms of 
energy, and about the ability of the building fabric to intermediate them. According to 
latitude, season, weather, time of the day, architecture connects or disconnects the full 
range of environmental factors (the ambient conditions) with human sensual nature, 
needs, feelings, dispositions, including the needs for light, heat, moisture and air.
In general terms, this chapter has dealt with one important aspect of the history of 
architecture - the progressive control of the flow of energy between the human body and 
the surrounding environment - a topic which, although overlooked by the literature, can 
be closely linked with the improving quality of the built environment.
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Chapter  3 - The formulation of Bioclimatic Design as a discipline
Before 1750, architecture was basically a business of building in accordance with fixed 
principles, whereby an architect’s imagination and artistic sense were exercised whilst 
keeping with the limits of certain acknowledged rules. At that time architectural history 
did not exist, properly speaking, the virtues of Classicism were unquestioned and studies 
of an antique or Renaissance monument were related to the theory of currem design 
(Collins 1967, p.61).
Since architects were both designers and builders, no gap existed between design 
(conceived as the conceptual preparation for the resolute definition of values and objects) 
and the entire reality of buildings; this persisted until the eighteenth century. The current 
division of the building process into design and construction; autonomous and 
independent invention in one side, and fabrication and construction in the other, is a 
recent progress. Historically, all issues relating to the material character of a building and 
its constructional processes were generally treated with a sense of unity and totality.
Contemporary industrial society has demanded reliable and systematic methods of work 
and production. Modern higher education, being intimately associated with the rise of 
modern science and the application of scientific methods and research to general 
problems, has been characterised by the persistent use of rationality, sustained where 
possible by analysis and measurement. Rationalisation has been central to the character of 
modem higher education, especially to architecture.
Although bridging many disciplines, architecture has been slow to recognise the nature 
and importance of the energy exchange between people, buildings and the environment. 
Not much attention has been paid academically or professionally to the investigation of 
such crucial ties.
Bioclimatic Design deals, quite specifically, with the control of the How of energy that 
passes through the built environment for the purpose of human comfort and well-being. 
As a design approach, it needs to be related to the designer's own experience with the 
environment itself. Without an experiential awareness or reference to their own 
relationship with natural and built environments, the designer's notion of architecture can 
be just picturesque, abstract, visual; a situation which often leads to facile, simplistic, 
formalistic and empty design.
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3. 1 - The educational approach to architecture
In order to ascertain the fundamental dilemmas confronting the widespread adoption and 
practice of Bioclimatic Design, it seems useful to examine the history of the profession. 
This becomes necessary for two main reasons: firstly, because the characteristics of those 
who are the carriers and agents of this discipline should be well understood; and 
secondly, because formal knowledge of architecture, including that of Bioclimatic 
Design, as distinct from the traditional practical knowledge of it, has been systematised, 
reasoned and formalised only recently into specialised theories which form now the basis 
of the higher educational system where architects are trained.
This section aims at examining the emphasis put on Bioclimatic Design in traditional 
architectural education. It investigates whether traditional, well-known methods of 
teaching architecture have, in any comprehensive way, attempted to include energy as an 
important issue to the design, construction and operation of buildings. It reviews the two 
most influential systems of architectural education - the Beaux-Arts and the Bauhaus.
3. 1. 1 - Self-trained architects
Up to two or three centuries ago most architects were practically self-trained, they 
acquired their knowledge and skill as a craft, through knowledge handed down from 
older architects and through practical experience. Many of them made their way through 
hard work and manual ability. They produced great architectural achievements such as the 
pyramids of Egypt, the classical buildings of ancient Greece and Rome, the monuments 
of the Italian Renaissance, etc. Currently, the vast majority of architects enter the 
profession by way of courses at universities.
The master-masons or master-carpenters were regarded as the 'architects' of the Gothic 
period; Fitchen (1988, p.3) points out that in the past, the distinctions between design 
and construction have not been clear; the two were mutually inclusive. The designer acted 
in many business-fronts simultaneously, as designer, director of their own guilds' work, 
keeper of fiscal accounts and wage records, procurer of materials and supervisor of all 
construction works.
A young adept to the profession was apprenticed to the guild master and received 
instruction, food, housing and clothing in return for a period of increasingly effective 
assistance. The pupillage system offered the advantages of valuable practical education, 
with the comforts of a home and the constant association with a master.
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During the Gothic period, the increasingly powerful crafts guilds got control of building 
from priests and monks. Because of their productivity, those guilds developed an 
economic power strong enough to confront the old feudal landlords and politically they 
were democratic enough to compete with the aristocracy (Giedion 1967).
This shift of power represented a breakthrough in the traditional building industry, where 
a craftsman could be elevated from the expert artisan, with manual skills (working with 
the expenditure of muscular energy) to an outstanding position of working with 
information. Cowan (1977b) remarks that the master-mason or master-carpenter working 
on complex projects began gradually to be more and more involved in design and 
administration rather than with the actual construction. This attitude virtually dissolved 
the old established practice of architecture, and led to the eighteenth-century master- 
builder architect.
Probably because matter was a predominant factor in architecture, it was important to 
develop manual skills and craftsmanship. Also, the concepts and working principles of 
structural theory, prior to the mid-eighteenth century, were fundamental to design. The 
architectural product was usually a direct consequence of the carving of matter and how 
the building was structured. Classical Greek architecture, for example, illustrate that the 
building, its structural and sculptural elements were identical entities (Fig. 7).
Rybczynski (1987) describes a series of practical considerations that significantly 
influenced elementary questions of engineering or architectural design. His book clearly 
demonstrates that the way in which different features, construction techniques, building 
components or assemblage methods were made critically affected the final design.
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Structure was fundamental for architects as a formative influence. Archibald Alison wrote 
in his book Essays on the Nature and Principles o f Taste, published in 1790 (in Collins 
1967, p.48), that architectural proportions were based on the association existing between 
the dimensions of a structural element and the material’s resistance to the load. “What we 
mean by proportion is merely fitness for the ends of stability and support.”
The knowledge applied in this model was based on 'scientia geometriae' which, 
according to Mainstone (1968): "required the main lines and forms of a structure - such as 
the heights of vaults and the proportions of piers and buttresses - to conform to a certain 
predetermined geometric grid." He asserts that during this 'geometric era', the chief 
structural problem of design was to ensure the stability of the masonry, and it could 
indeed be solved largely by appropriate empirical geometric rules.
Considering the dominance of the theoretical principles of structure, it seems evident that 
both professional categories - engineers and architects - had common interests. Collins 
(1967, p.192) states that when the School of Bridges and Roads was established in 
1747, in France, only candidates already trained in the rudiments of architecture were 
admitted, and government bursaries were established to enable promising candidates to 
obtain preliminary instruction at Blondel’s School of architecture.
This affinity in training seems not to have lasted very long. With the development of the 
science of building materials, of bending, compressive and tensile strength of wood, 
metal and glass came the science of engineering (Cowan 1978), and a breach with 
architecture which still persists.
Up until the middle of the eighteenth century, architects, with the predicates of their 
technical and artistic education, were prepared for dealing not only with issues of 
expressions and compositions, but also to perform generally in the field of civil 
engineering. Eminent architects such as Palladio, for example, designed bridges and 
included some designs for bridges in his Four Books of Architecture.
Referring to circumstances in England, Allan Cunningham (in Saint 1983, p.24) provides 
a description of the experienced architect prior to the establishment of formal architectural 
education:
Before Architecture became a defined science, and had schools, professors and disciples, a class of men 
existed in England, who trained to other studies, and living in the daily discharge of devout duties, 
planned and reared edifices with a mathematical skill, a knowledge of effect, and a sense of elegance and 
usefulness which regular practitioners have never surpassed. The architects to whom 1 allude, were 
divines of the Roman Church...
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3. 1. 2 - Academic studies
With the fall of the Roman Empire in Europe a variety of groups of people of different 
languages were left behind, a consequence of that being the general fragmentation and 
anarchy which became dominant for many centuries throughout the European continent.
Those groups sorted out their cultural continuity in a religion and learning which was 
only available in an extinct language - Latin. The Church henceforth, through basically 
the monastic orders, played an important role in controlling the restricted educational 
system which was originally intended for the enlightenment of priests and monks and 
some members of royal and noble families (Engel 1984). Emmerson (1973, p. 14) writes 
that the schools and universities everywhere in Europe were under the control of 
ecclesiastical authorities and, besides divinity, they were devoted Lo classical learning, 
jurisprudence and mathematics.
This, in part, explains the strong religious influence felt in almost all aspects of life at that 
time. The power of the monasteries could affect not only the source of scientific and 
technological innovation but also other expressions of life, such as music, writing, art and 
medicine. Kaye (1960, p .l l )  writes that in Medieval England, functions that are now 
recognised as professional were performed by the clergy. Physicians, teachers and civil 
servants were all ecclesiastics.
This is also apparent in a description of the early medieval architect given by Alexis- 
Fran^ois Rio, in 1847, in an article entitled A n  a n d  the M o n ks , (in Saint 1983, p.28):
When we say that the innumerable monastic churches scattered over the whole lace of Europe were 
built by the monks, this assertion must be taken in its literal sense. They were, in fact, not only the 
architects but also the masons of their buildings; after having drawn up their plans ...they worked 
them out with their own hands, in general, without the help of outside workmen.
Guilds of learners and teachers began to develop in Italy, having some relationship to the 
craft guilds or apprenticeship system of the feudal era. Theoretically, a guild included 
those persons who were members of a particular occupation or a highly specialised 
branch of an occupation. Sjoberg (1965) points out that one of the main functions of the 
guilds was to maintain a monopoly over a particular economic activity within a 
community. The selection of personnel into an occupation was another function of the 
guilds, and a third function consisted in training personnel for an occupation.
The guilds used to provide a formal system of apprenticeship, after which the individual 
would rise through a series of positions leading to that of master, or its equivalent. 
Moving on to advanced education, it is clear that the religious system was closely linked 
with and supporting much of it. In France, the major University developed in Pans as an
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extension of the Cathedral School of Notre Dame. This University set the model of the 
modem system, largely from this French influence, the first colleges and the idea of a 
University arose at Oxford in England (Engel 1984)
Emmerson (1973, p . l l )  points out that since the invention and development of the 
printing press, information could be mass produced and this eroded the domination of 
Latin and gave the literate access to knowledge that the clergy would fain have kept within 
their monopoly. Kaye (1960, p.12) suggests that as ecclesiastical patronising influence 
gradually diminished, and the use of rationality as a final authority in technology 
advanced, so they became secularised.
Architecture, practiced as a conscious intellectual discipline has its traditions definitely 
rooted in the Italian Renaissance. As a practical craft, however, it goes back almost to the 
beginning of human civilisation. Academically speaking, architectural education first 
evolved in the European continent out of the medieval apprenticeship scheme.
The schools of higher education provided a broad humanistic thinking. Generally 
theology, law, history, philosophy, and literature formed the core of the curriculum 
(Emmerson 1973). As their curricula indicate, studying in universities was primarily a 
humanistic course, designed for the citizens who would work with information. They 
focused upon theology, philosophy and judicial matters, with little reference to physical 
sciences and no pertinence for the lives of common people.
The practical courses, designed for those interested in arts and crafts, were not the goal of 
the nobles or intellectuals, but designated to lower class citizens; those expected to work 
with their muscles (selling energy). Sjoberg (1965, p.308) suggests that objective studies 
and interpretations of reality were superfluous in a social order that was not concerned 
with purposive planning or with revising the existing order.
He identifies two divergent sorts of knowledge at that stage; on the one hand there were 
the intellectuals absorbed with authority, tradition and what men must do to adjust to the 
'divine will', where emphasis was on 'what ought to be', not on 'what is'. And on the 
other hand, were the artisan, the merchant and craftsmen with their rather detailed 
empirical knowledge, garnered through the centuries of hit-or-miss observation.
The difference being that the former was formal, written, recorded and carefully 
preserved by the dominant classes, whereas the latter passed on through informal means, 
and has rarely been put down in writing. Here one can identify a historical reason for the 
current discrepancies in architecture, involving the debate between the merits of those 
with artistic interests and those with scientific inclination. Bioclimatic Design, being
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based on real practical issues, fits the latter case, and still holds a lower status within the 
academic staff of most schools.
Practical knowledge, being obtainable largely through factual experience, work with the 
hands, has been devalued, often most strongly by the highly literate, educated people. 
Sjoberg (1965, p.3'12) points out that Charles Singer et al. in their book A History of 
Technology, III (Oxford, Clarendon Press, 1957) have recognised that it was only in the 
seventeenth century that the happy combination of theory and practice occurred and 
modem science was bom. Sjoberg writes:
Theories now were tested pragmatically, and intellectuals began to classify and evaluate the practical 
knowledge of the artisans. Admittedly, such empirical findings had been accumulating over several 
millennia, but this was far from sufficient. The two strands of scientific thought - the theoretical and 
the practical - had to be fused, possible only within a social system whose class structure, relative to 
that in the past, was more fluid and which embodied a value sysLem that did not deem it shameful for 
* scholars to test their theories through experimentation, ie. through manual work involving the 
handling of heavy or perhaps grimy instruments and materials.
3. 1. 3 - Formal architectural education
It has been held by many historians that the architect as an expert in the design of 
buildings did not exist before the seventeenth century. Another school of thought finds in 
the master-masons the predecessors of the modem architect. Kaye (I960, p.34) suggests 
that the origins of the architectural profession may be found in the sixteenth-century 
master-masons who were able, not only to build from a rough sketch, buL also, to 
provide the sketch itself, ie., to design.
The present meaning of the word ‘architect’ dates only from the late nineteenth century. 
Kaye (p.32) points out that the word was in use by the sixteenth century (he maintains 
that the first entry in the Oxford English Dictionary is that from John Shute s The First 
a n d  Chief Groundes of Architecture, published in 1563). The Greek word architekton, 
which meant master builder, described a builder of bridges and aqueducts as well as 
theatres and temples.
The antecedents of formal architectural education were in fact, schools of engineering 
which combined French and German influence and existed as schools of engineering with 
architecture included (Collins 1967). Separate schools of civil and military engineering 
began to be established around 1750 and the eventual compromise with architecture was 
expressed in the foundation, in France, of the Ecole Poly technique in 1795. This 
institution, though basically for engineering students, had some courses in architecture 
and later became the model for the German method of architectural education.
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The organisation of Civil Engineering as a separate profession was, according to Collins 
(1967, p. 186), almost entirely due to the work of Rodolphe Perronet, the first director of 
the E co le  des  P o n ts e t C haussees, in France. He is said to have been the first to perceive 
that, when designing spans of unusual length or flatness, it was not enough simply to 
estimate dimensions by rule of thumb, but that calculations needed to be made based on 
the principles of mechanics and the strength of materials.
Collins (1967) distinguishes the contributions of civil and military engineers to 
contemporary architecture. He assumes that amongst the many influential events which 
took place around the mid-eighteenth century, some exercised profound change on 
architectural theory such as the establishment of civil and military engineering as distinct 
and separate disciplines. With the precise definition of the science of engineering came 
the modern practice of designing buildings based on scientific calculation.
Collins goes on and enumerates (p.29) some additional epoch-making events which 
occurred round about the year 1750, which certainly have influenced each apprentice of 
architecture at that time: In 1747, Perronnet founded the E co le  d es P o n ts  e t C h a u sses  
which formed the educational basis of modern civil engineering. In 1750 Baumgarten 
introduced the word 'aesthetics'. In 1751, Stuart and Revett and Soufflot made the first 
serious attempts to record Greek ruins. In 1752, Blondel published the first modern 
history of architecture; and in 1754, Laugier published the first book equating architecture 
with rational construction.
After about 1750, with the advent of the Industrial Revolution, the diffusion of economic 
growth was accompanied by more, bigger and new types of buildings, shaped from new 
materials and equipped with a new range of mechanical services (see section 2.5). The 
skills required to design and erect these new buildings were too diverse and technical for 
the old conventions of work to deal with, those circumstances might have helped in 
concluding the process of professional demarcation between engineers and architects.
Most historical accounts (eg. Kaye 1960) seem to indicate that architectural education 
began with the emphasis which is still popular in many schools of architecture throughout 
the world (most remarkably, on drawing and, more particularly, on the classical orders 
and famous buildings).
Freidson (1986) puts forward the view that the primary means by which professions 
establish a degree of autonomy from other members of society is to claim a particular 
knowledge territory as distinctly their own. Architecture as a developing profession 
became a curious mixture of a fundamentally aesthetic preoccupation combined with an 
extensive managerial responsibility towards the resource controllers in building.
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These early architects must have needed some guidelines for their conduct. John Soane, 
(in Saint 1983, p.58) gave a formulation to it in 1788:
The business of the architect is to make the designs and estimates, to direct the works, and to measure 
and value the different parts; he is the intermediate agent between the employer, whose honour and 
interest he is to study, and the mechanic, whose rights he is to defend. His situation implies great 
trust; he is responsible for the mistakes, negligences, and ignorances of those he employs.
Saint (1983, p.58) suggests that from the tasks traditionally allotted to the architect during 
the eighteenth century, design was a literate and highly esteemed skill; it allowed close 
contact with the client and it brought chances of enhanced status, even perhaps of fame. 
He emphasises the architect's keen interest in design and concludes that if one could rely 
on this for a living and prosper, so much the better.
The principles that governed the design of buildings during the eighteenth century were 
elucidated by the French architect and educator Jacques-Frangois Blondel, in his 
A r c h ite c tu r e  F ra n g a ise , which was first published in 1752 (Rybczynski 1987, p.90).. 
Blondel was Louis XV’s architect and founded the first full-time school of architecture in 
Europe. He repeatedly emphasised that the basis for successful architecture should be the 
doctrine first suggested by Vitruvius: “Commodity, Firmness, and Delight.”
The word 'Commodity' was used to imply convenience and suitability to human use, 
meaning comfort, fitness for the purpose; 'Delight' meant aesthetic, visual pleasure; and 
'Firmness' structural soundness. Rybczynski (p. 127) stresses that architecture was a 
practice averse to innovation. Buildings were built one at a time, and since the architect 
was not a contractor, he was not in a position to introduce substantive innovation to the 
building process. He says:
The architect was primarily a draftsman who prepared drawings for work carried out by odiers. As a 
result he developed theoretical knowledge that was based not on construction, but on a study of history 
and historical precedents. In any case, architects were then, as they are now, interested more in the 
appearance of buildings than in their functioning. They were not prepared, by either training or 
inclination, to involve themselves in such mechanical matters as plumbing and heating. They also 
paid more attention to the exterior than to die interior.
Rybczynski (1987, p. 128) observes that domestic technology fell into the gap between 
the architect and the upholsterer. The upholsterer’s interests were in fashion, his concerns 
were about how rooms looked, and how they could be used, his responsibilities did not 
extend to any of the mechanical systems that were part of the fabric of the house itself. 
The architect, on the other hand, considered himself to be an artist, not a technician, and 
was content to follow conventional wisdom when it came to domestic conveniences. This 
division of labour retarded the introduction of technology.
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Rybczynski emphasises (p. 147) that when technological advances were introduced, they 
seemed to have been due to the instigation of the client rather than of the architect. He 
suggests (pp. 126-127) that architecture was not practised as a business but was 
considered as an art, and it was carried out by gentlemen, not by journeymen, and more 
often than not by skilled but untrained amateurs-dilettantes. He maintains that the 
availability of formal education may account for the greater sophistication of French 
house planning, which incorporated early such mechanical devices as baths and toilets.
The eighteenth century is of particular interest; it was a period of revolutionary ideas, 
featuring the American Revolution during 1770s, and about a decade later, the French 
Revolution. These social insurrections, connected with the philosophical principles of 
John Locke and Jean Jacques Rousseau, among many other philosophers, presented the 
overall contours of the epitome of human rights as opposed to the absolutism of 
monarchic regimes. This was an age in which slave trade was suppressed and the ideal of 
liberty, reform and progress stimulated the architectural speculations of the time.
It seems that architecturally too, there was a revolution, which though rarely recognised, 
laid the foundation for the modern approach to architecture and architectural education. 
Collins (1967) suggests that with the new philosophical and literary enlightenment came 
the awareness of the existence of different styles of architecture, of the rights of different 
peoples and epochs to an architecture in its own right.
Foucault (1980, p. 148) maintains that architecture begins, at the end of the eighteenth 
century, to become involved in problems of population, health and the urban question. 
Previously, he says, the art of building corresponded to the need to make power, divinity 
and might manifest; the palace and the church were the great architectural forms. Then, 
new problems emerged; architecture became a question of using the disposition of space 
for economico-political ends.
Architectural education was formalised in various academies of design in Italy and 
France. In 1797, the E cole  des B ea u x-A rts  in Paris was established to later become the 
most renowned centre of architectural education of the nineteenth century. This school's 
faculty, academic concepts and graduates influenced world-wide architecture during the 
nineteenth century and had a direct effect on architectural education until the middle of the 
twentieth century.
It is worth observing that all along this period of professional definition and field 
delimitation (roughly from 1750 to 1850) between architecture and engineering, there 
prevailed as major concern for the fresh professionals the effective exchange of technical
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knowledge between the two professions, as well as the exploration and applicability ol 
new technological methods to buildings (Picon 1992).
An interesting allusion is given by John Murray (in Mace 1986), who argued that there 
was no clear line of demarcation between the work practised by the architect, surveyor 
and engineer, and that a combination of these professions was desirable. He pointed out 
that the most regrettable weakness of architects then was their lack of scicntilic skills 
which they allowed engineers to monopolise, he thought that the architect’s education 
should include a knowledge of survey and engineering skills.
Architects may have been influenced by the public reverence for science and technology: 
this period was dominated by hardworking inventors, scientists and engineers (thousands 
of new patents registered). An evidence of this is the publication in 1802 of two 
influential books; Jean Rondelet's Trade Theonque et Pratique de I'Art de Batir and 
Nicolas-Durand’s Precis des Legons d'Architecture. A later indication is that roughly all 
modern environmental control technologies were developed and widely adopted in this 
period of scientific inquest and inventions.
The insistence on the ideal of the architect as a professional possessing knowledge and 
skill in all the arts and sciences, derives from the famous chapter on training in Vitruvius. 
Kaye (1960, p.50) asserts that Vitruvius’ book De Architecture was an absolute authority 
on architectural matters in Renaissance England, his comments on the duties, 
qualifications and training of architects set the pattern until into the nineteenth century.
It was generally presumed that well-trained, scientifically educated professionals could do 
wonders with consistent innovative ideas. In the nineteenth century architects explored 
machine technology, biological organisms and even language in search for rationality 
(Herrmann 1985). It is not surprising that subsequently the focus of attention in many 
architectural courses had shifted towards more pure science, applied science subjects or 
technological fields. These fields were thought to produce concrete and immediate 
answers or contributions to social problems.
At that time, architectural publications, in general, were not designed as persuasive 
fashionable magazines, as they are today, (see the early issues of the Revue Generate de 
iArchitecture, Journal o f the RIBA, The Builder, etc.). They were rather concerned with 
disseminating knowledge and new developments in the sciences of building, promoting 
the application of innovations in engineering and architecture.
This approach to architectural publications produced invaluable sources from which 
architects could get inspiration and a role model from inventors, engineers, and scientists.
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It was during this period that an extraordinarily solid and long lasting foundation was laid 
to current architectural history, science and theory.
3. 1. 4 - Amalgamation with the arts
It was in the nineteenth century that architecture was associated with painting and 
sculpture and combined into academies of fine arts. Saint (1983, p.66) remarks that the 
idea of art in building, as the special province of the architect, became more intentional 
and widespread between 1820 and 1850 - as a means of professional self-defence during 
a period of adjustment and change in the building industry. He confirms that in the 
second half of the century, things became easier: the industry settled down, areas of 
professional responsibility became better defined, and architects found it easier to make a 
living.
The notion of the architect acting as an 'artist' is also addressed by Boughey (in Cuff 
1991, p.37). He observes that intrinsically, there was an 'art defence' attitude in which 
architects simulated an artist role in order to preserve autonomy and avoid judgement. He 
states: "In the role of the artist, the architect has a right to deal in mystery, in subjective 
truth. He has the artist's right to complete autonomy ...to be free of anyone's judgement 
but his own inner lights."
Facing a strong opposition with many who advocate the artistic attitude, Willis (1990) 
poses this question: "If the practice of architecture is primarily a creative, artistic 
endeavour, how can it be reconciled with serious social responsibility?" He finds this 
question crucial for the practice of architecture in the twenty first century. However, it 
sounds appropriate to extend the same concern also over the present century.
Following the advent of the Industrial Revolution (section 2.4), design and construction 
became two separate, specialised professions. The rise of specialisation in the building 
industry has coincided with the differentiation in the various trades and professions 
involved in the design, manufacture, supply of components and the erection of buildings.
In order to provide communication and collaboration that would close the gap between the 
designer and the other professionals within the building industry, the technical procedure 
of working drawings developed. This was based on the elaboration and use of a more 
precise and scientific descriptive geometry, which since, made architectural drawing the 
legitimate icon of the building, even in its smallest details.
This induced a significant difference between the designer and the builder. The design 
function would pertain to the architect who generated the concepts, recorded all
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specifications, details, plans, elevations, sections, etc., and the more pragmatic matters 
and operations belonged to the engineer or builder who converted the two-dimensional 
drawings, and small models into full-scale, three-dimensional reality. Gracfc ct al. (1994, 
p.73) write:
We do not know what influence the drawings and plans had on die form of die buildings. Drawings at 
a 1:1 scale on the setting-out floor go back to die earliest times. Drawings of plan views and 
elevauons...at a reduced scale are probably more recent....Genuine building and construcdon drawings 
as well as plans which are identical to die finished building, are almost completely absent until die 
baroque period.
The close analogy which some people had tried to establish between architecture and the 
imitative arts, such as painting and sculpture, was completely unjustified for J.A.Borgnis 
(in Collins 1967, p.202). Whereas the main pursuit of architecture was utility, painting 
and sculpture limited themselves to providing visual delight, or to charming the 
understanding. Thus, he said, a false analogy had been made, which had slowed down 
the progress of architecture by directing the studies of young architects into false paths.
3. 1. 5 - Linking scientific knowledge with practical application
The development of experimental science in the sixteenth century seemed to activate the 
change from the medieval to the modern world. The architecture and the corresponding 
educational system that predominated since the maturation of that change can be 
considered products of the modem, science-based world.
The pupillage system dominated architectural education up to the turn of this century, and 
schemes of formal training were intended to supplement office experience. Around the 
1880s, Prof. Robert Kerr suggested that the ‘academical’ work of the Royal Institute of 
British Architects (performed by a number of unrelated committees), should be 
coordinated and directed by four departmental standing committees for Art, Science, 
Practice and Literature. These departmental committees were set up in 1886, and the 
‘Science’ one was to be concerned with construction and the scientific problems affecting 
building operations (Mace 1986).
With the development of science, 'rationalism' flourished as a theoretical approach. It 
emulated the principle of positivist science and redirected architecture to the fundamental 
aspects ol how buildings were best represented, constructed and how they worked. This 
approach, however, looked upon human implications and values as nonessential to 
design because they were unpredictable, indeterminate and difficult to measure by any 
precise method.
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Both Gothic Rationalism and Classical Rationalism believed that architecture derives its 
finest expression from the most economical and logical use of structural forms. 
According to Cesar Daly (in Collins 1967, p.198), the self-imposed task ol the 
Rationalist School was to reconcile modern architecture with modern science and 
industry; a conciliation which was impossible for those who blindly imitated temples, 
cathedrals and castles.
The rational approach was organised to address the physical world. It has been 
manifested most clearly in science and technology. It underlined the importance of taking 
the educative process from the fundamental science to professional application.
For the rationalists, an increasing differentiation was necessary between a skill requiring 
only practice and art from that requiring theoretical knowledge and science. Eugene 
Viollet-le Due, an early influential disciple of rationalism in design, described design as a 
matter of pure reasoning. His attack on the dominant Beaux-Arts approach was typical, 
for him good architecture was rational and could only be produced by a rational designer.
The best definition of 'rationalism', according to Collins (1967, p. 198) is to be found in 
an article written by Cdsar Daly in 1864, in which he argues that "architectural forms not 
only required rational justification, but could only be so justified if they derived their laws 
from science." Rondelet claimed (in Collins, p.204) that architecture was not, like 
painting and sculpture, an art whose sole aim was to please. “Architecture was a science, 
and its essential aim was to construct solidly and commodiously.”
The rationalists started demanding a logical approach to planning with respect to the actual 
needs of people; a reappraisal of the proportions of the structural elements with respect to 
the newly established science of statics; and more flexible approach to the classical 
principles of symmetry. De Witt and De Witt (1987, p.15) assert that rationalism in 
architecture, as in other aspects of life, assumed that there are universal laws that can be 
applied without exception, and generally without concern for any specific physical, 
historical or architectural context.
Bognar (1985) argues that the rational approach to architecture teaches the student how to 
organise and assemble buildings precisely and how to manipulate their appearance 
logically without explaining first how architecture, as part of the physical, social and 
cultural environment, is experienced; how it plays a role in the totality of human 
experience and understanding. As a result, students come to anticipate and accept that 
designing is a value-free operation that can be practiced objectively.
197
CHAPTHR 3 - SKCTION 3 1
He concludes that instead of being concerned with the complex qualities ol a multi­
dimensional architectural reality, students were preoccupied with the rationalisation ol 
such design issues as function, technology, construction, and form; and with designing 
two-dimensional drawings and sheets as 'well-packaged', complete projects. In other 
words, the abstraction of the architectural drawing as a tool for problem-solving played a 
major role in the final design.
In opposition to this doctrine were the anti-rationalists, often emphasising the primacy of 
artistic imagination and the emotions in design. For long, a classic debate proceeded on 
this matter, which, in the education scenario, is clearly manifested in the alternation of 
dominant schools of architecture. Those which explicitly aspire to rationality (the Gothic 
and the Modern Movement) and those categorical in rejecting rationality (the Beaux-Arts 
and Art Nouveau).
J.A. Borgnis wrote in the preface of his book E lem en ta ry  T rea tise  on C o n s tru c tio n , 
published in 1823 (in Collins 1967, p.202) that: “architecture is an art which demands 
more reasoning than inspiration, and more factual knowledge than verve.” Collins 
(p. 199) argues that rationalism is still, and must always be, the backbone of any valid 
architectural theory. For however deeply the alliance between architecture and sentiment 
may be explored, the alliance between architecture and science must always be its ultimate 
basis of existence.
By the end of the First World War, the RIBA appointed the Future of Architecture and the 
Architectural Profession Special Committee, which prepared a critical review concerned 
with the state of the profession, promoting policies to remedy the inadequacies in 
architectural education, particularly in its scientific and technical aspects.
It was a demand of the first International Congress on Architectural Education (published 
in R.I.B.A. Journal, 1924, XXXI, p. 586), held in London in 1924, that the atelier 
system of architectural education of the E cole des B ea u x-A rts  should replace the old 
pupillage system. They concluded in favour of the atelier system, making the studio the 
centre of activities, a system which had been generally adopted worldwide.
Architectural drawings became the vital compendium of all technical and artistic 
information, they started to be produced with enough accuracy to allow a high degree of 
prediction, and therefore well appropriate for the requirements of orderly industrial 
production. This could be seen as a good reason for the loss of the traditional shared 
knowledge ol construction, as it lead to the introduction of codes, regulations and special 
representations.
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The rationalist philosophy powerfully shaped the modem university education in general. 
Professional practice is now essentially technical; principles, knowledge and practice 
must be derived from scientific research and be based on knowledge which is objective, 
consensual, and cumulative.
Buildings designed and erected as a product of the values of this theory assumed the form 
and basic nature of efficient technological products or machines. The slogan ‘machines 
for living in’ became the model which best represents the modem period. Buildings were 
supposed to serve the needs of modem society and work with precision like a machine.
With the emergence of social sciences, around the 1960s, this approach has been 
criticised as indifferent to human needs, behaviour, actions and occupancy in relation to 
the architectural product. People have been simply included as symbolic figures, scaling 
factors or operators of buildings’ environment.
The lineage of Western architectural education is from Europe. Today's architectural 
curriculum is the product of two apparently contradictory systems: the Beaux-Arts, from 
France, and the Bauhaus from Germany. The Beaux-Arts system introduced the idea of 
the design sequence, in which the student is asked to solve a series of increasingly 
complex architectural problems. From the Bauhaus comes the concept that the student 
must never copy styles, but work up his ideas originally from first principles.
Both approaches gave prime importance to the atelier and the master, and put little 
emphasis on research, books and classrooms. The design studio has been indisputably 
the core of every architectural education program. With this in mind, Barnett (1970) 
criticises: "It is hard to imagine a more disastrous heritage for a period of rapid 
technological and social change."
He points out that the Beaux-Arts system worked because the student was not expected to 
be original. The principles of architectural composition were established, and the general 
configurations for each building known. The Bauhaus system worked because the 
problems given were not complex. Originality was possible because the student had time 
to assimilate the problem and rediscover basic principles. Szokolay (1994) maintains that 
the Bauhaus followed essentially craft methods; its main concern being construction and 
structures, as there were no science-based predictive tools available in the area of 
environmental design.
The overall effect of the Bauhaus system and its predecessor the Beaux-Arts have been 
summarised by several commentators who appear to agree on the extent to which they 
should be influencing modern theories of architectural education.
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3. 1. 6 - The Beaux-Arts approach
Around the turn of this century the diploma of the French E cole des Beaux-Arts became 
the required credential for excellence in the architectural profession. Its philosophy 
emphasised art and the methods of ait as an approach to the understanding ot architecture. 
The architectural ideal was to be a master artist, and to a much lesser degree, builder, 
scientist, theoretician, or engineer. Art or graphic talent was preferred over rational 
knowledge.
Design was taught in studios under the tutelage of master designers during hours of 
drawing board work. Architecture was learned largely through doing it, starting out with 
simple design projects in the beginning years, and working up to more complex ones in 
the senior years. Design was almost a mystique and something to be learned through 
participating in the rituals in the studios. (Texas A & M University, 1969, p. 15).
The Beaux-Arks system extended the concept of architecture as ornamentation to include 
architecture as sculpture with the result that, "the projects were usually nothing more than 
vast symmetrical blocks arranged only according to the massing and fenestration patterns 
dictated by current fashion" (Collins 1967, p.220). Or as the R evu e  G e n e ra te  de 
('Architecture put it in an article published in 1842 (in Collins, p.221):
At the E c o l e  d e s  B e a u x - A r t s  little concern is shown for the utilisation of the different parts of a large 
building, and the students scarcely design to bear in mind the purpose of the edifice. What is sought, 
above all, when developing a plan, is a certain pictorial disposition, the rigorous symmetry of which 
is agreeable at the first glance, they try to evolve graphic patterns rather than reasonably planned 
monuments.
Boston hosted America's first permanent seat of architectural education in 1867, the 
Massachusetts Institute of Technology's School of Architecture. In 1902, the official 
bulletin of another pioneering school, the Harvard University (in Alofsin 1983) 
announced: "Architecture is essentially a Fine Art, the practice of which must be based on 
a thorough knowledge of construction. Great stress has therefore been laid on continued 
practice in design and drawing and through instruction in the history and principles of the 
Fine Art of Architecture and the arts allied to it."
The Beaux-Arts design sequence surely made an indelible mark on most architectural 
schools. In this sequence, the student spent a couple of years learning the 'Classical 
Orders' and presentation techniques, and then worked through a series of building types 
of graduated difficulty. This system approach had been accompanied by a body of 
conventional knowledge about the general configuration and rules that buildings should 
take. There were prescribed ways of doing and not doing things. Certain forms were 
taken for granted and there was a strong resistance to change.
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It should be pointed out that there is little point in further elaborating the influence ol this 
school of architecture which clearly emphasised formal issues, proportion, colour and 
texture - the raw material, as it were, of visual delight.
What seems relevant to underline here is that the prevalent contemporary concept ol 
architectural practice and architectural education systems somehow oppose the Beaux- 
Arts structure and its ideals. The Beaux-Arts architect was one encouraged to be 
competitive, unique, cunning. The modern architect needs to work in a team; understand 
others and to cooperate.
The Beaux-Arts aesthetic was ornamentative, the modern aesthetic is functional; the 
Beaux-Arts architect's motive was original composition, whilst the modern motive is 
social. Architectural schools, in the tradition of the Beaux-Arts, maintained for quite a 
long time the Fine Arts approach to architecture, and so, became more and more unable to 
come to terms with the requirements of modern technologies and materials of the 
industrial society. As Naylor (1968, p.9) puts it, the art academies throughout Europe 
propagated the 'slavish imitation of past styles' which overwhelmed architectural practice 
and theories during the nineteenth century.
The Beaux-Arts approach persuaded students and architects that the principal purpose of 
architecture was to produce agreeable visual sensations through the elegant and 
picturesque combination of volumes and masses. The eighteenth-century system as taught 
at the E co le  d es  B ea u x-A rts  is still valid in the French architectural education. It was in 
Germany that the next steps in architectural education and practice were taken.
After the Second World War the Bauhaus method of teaching, in which students 
approached problems from first principles without pre-conceptions, was considered as an 
alternative to the Beaux-Aits sequence.
3. 1. 7 - The Bauhaus approach
Picon (1992) indicates that the professions of architect and engineer had maintained very 
close links since the time of the Renaissance, but they became increasingly isolated from 
one another in France during the eighteenth century. After this demarcation, engineers 
had succeeded in wresting from the majority of practicing architects the support of the 
general public in matters arising from the buildings for the new industrial society.
Engineering was about to dominate the architectural scenario of the modern age; its 
popular esteem and reputation for industrial and mechanical progress were actually based 
more on equipment than on building structures. Architects were overwhelmed by a sense
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of inferiority (Emmerson 1973). The architects’ reaction to all those problems was varied 
and they did not reject industry and mass production as threatening their artistic skills.
Collins (1967, p. 197) agrees that the influence of engineers on architecture, by this time, 
was more due to the example of their rational approach than to their use ol materials. In 
Germany, at the turn of this century, governmental moves were made to settle the 
situation. The history of the beginnings of the Bauhaus and the work o( Hermann 
Muthesius have been well documented by many authors (eg. Gropius 1935; Naylor 1968; 
Whitford 1992) and need not be repeated in detail here.
The result was a school which used the mastery of craft, the knowledge of materials as a 
means to an objective end - mass production techniques. The Bauhaus began as a craft 
school, regarding craftsmanship as a necessary step toward the higher task of designing 
for machine production. Rationalisation and the idea of a fundamental unity underlying all 
branches of design was a guiding motivation in founding the Bauhaus.
When Gropius took over the Weimar School of Arts and Crafts from Henn Van de Velde 
in 1919, it was agreed that its amalgamation with the Weimar Academy of Fine Arts 
should be done to form the Bauhaus. On that occasion Gropius (1935, p.52) stated: "my 
primary aim was that the principle of training the individual's natural capacities to grasp 
life as a whole* , a single cosmic entity, should form the basis of instruction throughout 
the school instead of in only one or two arbitrarily 'specialised' classes."
Prompted in part by the supposed moral integrity of the craftsman as distinguished from 
the factory-hand, social concern in the Bauhaus was reinforced by a preference for 
treating form as simple geometric elements of unchanging value, at last enabling man's 
artefacts to be free of the shifting fashions of historical styles (Drexler 1977).
The immutable nature of pure geometric forms was presumed to make objects well-suited 
to the demands of machine production, but Drexler exhorts that there is nothing about 
machinery that inherently limits it to the replication of simple geometric forms. In his 
opinion, the result of this conjunction of ideas was the creation of a brilliant histone style, 
lucid in its reductionist simplicity but not necessarily simple in fact; reasonably responsive 
to the requirements of practical use (function); and most successful in the design of small- 
scale objects (especially furniture).
The Bauhaus was primarily an arts-and-crafts school. No significant building technology 
or scientific discipline was introduced into its curriculum, the architectural students were
Itten, an early member of the Bauhaus, stretched this ’holistic1 principle to mean special breathing 
exercises, diets, singing and dancing. Much of the modern ideal of broadly educating die architect is 
derived from these two men and their work at the Bauhaus.
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trained essentially as building craftsmen. If proficient enough, they would obtain their 
Master-Builder’s Diploma from the local Trades Council.
Smith (1987) writes that while change in architectural curricula is normal, the last major 
improvement to architectural pedagogy occurred under the tutelage of Walter Gropius. 
Through his work at the Bauhaus, later extended to Harvard, Gropius (1935, p.91) 
attempted to develop an educational model which, rather than propagate any style, system 
or dogma, would just exert a revitalising influence on design. He severely objected the 
detractors "who sought to identify every building and object in which ornament seemed to 
be discarded as examples of an imaginary 'Bauhaus Style'; and imitators who prostituted 
our fundamental percepts into modish trivialities."
No true architectural course was taught at the Bauhaus for the first eight years of its 
existence (1919-27). Once established, it was for three years under the control of Hannes 
Meyer, who became director in 1928. His first response as director was expanding the 
architecture department. He geared the entire curriculum to architecture and introduced the 
necessary auxiliary sciences. As a scientific Marxist, Meyer was convinced that design 
was the product of calculation, basic research in this field was his main concern. In the 
Bauhaus 50 years catalogue (p: 78) one finds one of Meyer's studies considering the 
determination of fundamental environmental factors - wind and solar radiation (Fig. 8).
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Fig. 8 - H. Meyer's systematic 
investigation on environmental 
factors (Source: Bauhaus 50 years 
Catalogue 1968, p. 78)
Saint (1983, p.126) emphasises that Meyer's alterations of the curriculum were in the 
direction of more science and less irresponsible theorising. From the manifestos Meyer 
wrote for the students on building and its relationship to society, he appears as a 
materialist, a socialist and a strong opponent of all types of artistic formalism.
Although Gropius did not have any direct command over the architectural course at the 
Bauhaus, his influential books the new  arch itecture  a n d  the B auhaus  and Scope o f  Total
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A r c h i t e c tu r e  summarise his incipient concerns with Bioclimatic Design. He was 
instrumental in promoting interest in orienting buildings to take advantage of the sun; and 
repeatedly supported a curriculum which would consolidate formal education in science 
(including biology and sociology); the study of nature and the realisation of a new 
architecture that could admit a plenitude of fresh air, daylight and sunshine.
Significant rationalist attitudes were introduced into architectural practice and education by 
the Bauhaus approach, which argued that buildings could and should be designed by 
rational methods, breaking the problem down to basic principles, into smaller 
components, analysing each separately and then creating a total solution. The Bauhaus 
and the work of Walter Gropius constitute vigorous expressions of the ideal of the fusion 
between the worlds of art and science (Isaacs 1986).
3. 1. 8 - Modern architecture and science in architectural education
The Western system of higher education developed originally for the few privileged 
members of the upper class supported by the religious and governmental apparatus. 
Learning was conceived as inculcation in the sacred doctrine; the basic validity of 
knowledge was to remain unquestionable. Sjoberg (1965) suggests that the intention was 
to suppress intellectual curiosity and creative thinking, emphasis was on knowledge and 
methods useful to perpetuate authority and the society's traditions.
From the literature one can confirm that until the turn of this century architecture was 
basically a descriptive subject rather than inquisitive and process-oriented. Descriptions of 
buildings have served as basis for architectural education and for studies by architects, 
historians and theory critics. Even though not expressly, architectural education has been 
pursued primarily through the study of buildings, events, and personalities.
The prestige of scientific knowledge has been based on the premise that facts can be 
recognised, predicted and assimilated by reason of their inherent significances. Early 
influential scientists (eg. Francis Bacon, Rene Descartes) stressed the need for useful 
knowledge (knowledge for the benefit and use of man) and reliability. Science allows 
progress by a systematic process which materialises the laws of nature extracted by 
inductive reasoning from a large body of facts, classifications, concepts, hypothesis, 
tests, general relationships, descriptive statements, etc..
The official opening meeting of the Institute of British Architects held on June, 1835, had 
its address (in Kaye 1960, p.80) prepared to set forth its aims in the following theme: 
“The Institute ...has been founded for facilitating the acquirement of architectural
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knowledge, for the promotion of the different branches of science connected therewith, 
and for establishing an uniformity and respectability of practice in the profession.”
In 1849, the R.I.B.A (in Collins 1967, pp. 143-144) made a public appeal to its members 
regarding the current aspiration to discover new architectural forms, pointing out that it 
could only be by a thorough appreciation of the actual state of science, and by a thorough 
knowledge of the requirements of the present day.
Isaac (1970, p.27) explains that higher education implies an acceptance of a rigorous 
discipline to a tradition of learning. To this extent universities anchor a society to its own 
past. Nevertheless, he points out that unless tradition is continually re-examined, it 
becomes oppressive. "So in the course of their evolution, universities have learnt not only 
to pass on a corpus of knowledge and ideas, but to train students to disclose errors in 
knowledge and to question ideas."
The origins of today's architectural science was concomitant with the climax of the 
Modern Movement. Its ideology - honesty and objectivity as its greatest virtues, aversion 
against the decadence of eclectic buildings and the arbitrariness of the Art Noveau and 
finally the incorporation of knowledge and new scholarship - shaped the Modern 
Movement as an efficient enterprise and set the grounds for rational simplicity.
The scientific paradigm brought about by the Modern Movement was a source of 
credibility and justification for its members. In 1939, Walter Gropius (1962, p.51) made 
this realisation evident when he advocated a scientific basis to architectural design. He 
emphatically stressed the application of scientific knowledge in architectural design in 
order to give it a scale to measure its functionality, and hence its merit.
In England, the RIBA had the major task of helping architects to keep abreast of the rapid 
rate of scientific and technical change. The need to promote architectural and building 
research and to develop technical information services for architects had led in 1940 to the 
establishment, with the cooperation of the Building Research Station, of the Architectural 
Science Group, later the Architectural Science Board. It was reconstituted in 1951 as the 
RIBA Science Committee.
With the Modern Movement, architects re-affirmed the rationality of design. New, 
modern buildings started to be designed stripped of everything considered superfluous 
and not useful. Architecture simply had to perform like a 'machine for living in'.
This mechanical analogy was not particularly appropriate for the time, and an elucidation 
should be made here: as the mechanical use of energy is essentially concerned with
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motion, repetitive action or work; machines were devised in standard components, they 
had no special relationship to any particular location or environment. However, in 
architecture the use of energy has an entirely different application, it is used and 
consumed to sustain permanence, continuation and to mediate an energetic compensation 
with the surrounding environment.
Yannas (1989) recognises that designers have hardly been trained to think of their 
buildings in the terms of physical science, often even failing to understand that buildings 
are subject to the laws of thermodynamics. Far from being immune to these laws, 
architecture can be a most powerful and dramatic invocation of their manifestation.
He maintains that through building form, orientation, layout, dimensions, texture, colour, 
use of internal spaces, and physical properties of the building elements, architecture 
solicits immediate as well as long-term physical reactions by interception of the elements, 
by absorbing, diverting or resisting the natural flow of ambient energies.
Architectural design is an inclusive task that depends on knowledge in a wide range of 
fields, including those of science and art. It involves many important problems; 
programming, function, form, technology, utility, construction, materials, services, 
economics and marketability, etc.. It is significant that most of these nowadays can be 
approached by scientific procedures and technological tools.
In face of the vastness and complexity of today's building industry, no single 
professional can be trained to master so much technology and information. All 
specialisations within this industry have important contributions to offer. Problems 
emerge when one, who is truly unaware of this, concentrates only on his own speciality, 
and ignores or at best tolerates the others. For the more conventional ones, architecture is 
seen to be the task of the architect alone which could eventually be supplemented with 
some help from the structural engineer or surveyor.
In order to be competent in all matters concerning the profession, the education of the 
architect has to consider the essential ideas and new developments in many associated 
disciplines including those of applied physics, engineering, law, sociology, philosophy, 
anthropology, economics, management, aesthetics, site organisation and construction. 
Architecture is a compendium, a final result, which integrates many fields. Probably 
because it is an emerging discipline, architectural students, practitioners and lecturers arc 
often relatively impetuous about the interesting prospects offered by Bioclimatic Design.
Throughout chapter 1 and parts of chapter 2 the notion was discussed that advances in 
one field in architecture can constantly pose new problems in others. With the pressing
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problems of contemporary urban life, the architect's job has become far more complex 
than it used to be. The areas of knowledge from which the architect draws facts and 
theory are more and more in a state of constant expansion and elaboration.
Many schools of architecture had moved away from the traditional education system 
toward the prevalent university mode of knowledge generation. According to Snyder 
(1984, p.7), those that have moved in this direction have done so via specialised 
programs on substantive areas and methods associated with disciplines such as 
Bioclimatic Design, among many others.
3. 1. 9 - The crucial dilemma - architecture: art or science?
Analogies between architecture and other forms of art are common.. Surely, architecture 
shares many formal characteristics with them; a building may be analysed from the point 
of view of proportion, balance, rhythm, colour, texture and so on. However, such 
parallelism is misleading; it does not include the experiential function, the adequacy and 
the environmental impact of buildings.
Gutman (1989) asserts that it is important to recognise that people and their satisfactions 
have not been the primary concern of most architects. The principal interest has been 
architecture, and architecture, at least in its manifestation as an art, is believed by most 
advanced architects to exist in a realm by itself.
In Broadbent's (1973) opinion, 'delight', one of the fundamental conditions for 
architecture, had been abused by those pursuing delight for its own sake and by those 
who understood it only as a visual matter. He theorises that concentration on visual 
delight is a legacy of the nineteenth century picturesque ideals. Buildings were supposed 
to delight if they looked good, conformed to some fashionable imagery or subscribed to 
certain conventions of visual order. If they delighted in the visual sense, then one was 
supposed to ignore practicalities such as the roof leaking, that they got too hot in summer 
or too cold in winter and so on.
The Indian architect Charles Correa writes (in Khan 1987, p. 10) that: “To cross a desert 
and enter a house around a courtyard is a pleasure beyond mere photogenic image­
making; it is the quality of light, and the ambience of moving air, that forms the essence 
of our experience. Architecture as a mechanism for dealing with the elements.”
F.M.Jones (1968, p. 172) says that the aesthetic of architecture covers a much wider 
range of human experience than is expressed by the art critics; and it involves more than
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ihc formal, spatial relationship of solids as definers of space, the modelling ol the solids, 
or their surface decorative qualities.
Architecture is the design of a controlled static environment for human use, and die interaction of 
physical and psychological realities of all kinds must be considered....since buildings and their urban 
complexes are die hardware of a social organism, die form at varying levels of detail will reflect the 
responses of diat organism to its environment - from die minudae of clodnng to die siting of a town 
hall. The persistence of vestigial forms as purely decorative features beyond their functional origin is a 
commonplace of experience. Yet we often fail to read back from die decoradon to die conditions which 
brought it into being. Hence we do not appreciate the nature of the human responses as the point of 
origin of the decoradon.
Information in architecture comes from a wide range of subjects, largely from science and 
art. Unfortunately, a critical dichotomy persists between these two complimentary basis 
which attributes a fundamental difference between scientific and artistic aptitudes. This 
misconception has prevented the necessary integration between practice and theory, 
experience and experiment, subjectiveness and objectiveness.
The tendency of the art-oriented designers is to view scientific method as the apathetic 
prospect of the world, with its emphasis on rigorous logic, and no intuition or feeling 
about the world. Science is perceived as dull and mechanical. At the other end, the 
position of those involved in the business of science often tend to discount artistic 
exploration and consider it superficial, trivial and unreliable.
Studio functions remain the most peculiar problem in architectural education in most parts 
of the world. The traditional role of the studio have in recent years been widely criticised. 
Its frailty has been alleged in the editorial of the A rch itec tu ra l Sc ience R ev iew  (1988): "A 
good design is one which the designer tutor, or a jury, or the majority of the students in 
the class, considers to be 'good'. There are no objective criteria. Design is a 'black-box' 
activity which cannot be taught..."
In Barnett's (1970) opinion, the studio system works when the master knows all that the 
student needs to know, and when the studio is part of the real world. He says:
You could Leach Beaux-Arts architecture in a studio because it was a widely accepted system giving the 
sense of ultimate control; you could teach Bauhaus design in a studio, because die studio was also a 
workshop. You can't teach today's complex architectural processes in a studio without die experience 
being removed from reality. It becomes neither dieory nor practice, but an exercise widi its own rules.
The architectural culture explicitly or implicitly emphasises that architecture is for artists 
only. Such distortions force students to blindly imitate virtuosos or to mimic fashionable 
styles; ignoring content, performance or purpose. This is the perennial problem of hero- 
worship in architecture.
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A change of attitude is essential, both at the educational and professional levels. 
Architecture needs to address the practical correspondences and bonds that prevail 
between these two major fields of activities. A design solution is not just the simple 
application of artistic talent or of empirical science. In Bioclimatic Design, for example, 
the complexity of energy use in buildings should not be overstated in comparison with the 
full range of issues that must be addressed. The end objective is common - good design. 
The process to be adopted is integration and not alienation of single variables.
Energy, as a unifying concept, has shown to be a remarkable approach for reviewing the 
design process. It can bring together the architectural and engineering disciplines; the 
artistic and scientific methods; and it can include the benefits of rational planning through 
the entire process of design, resulting in low-impact, energy-efficient, healthy, 
sustainable, comfortable buildings.
3. 1. 10 - The problem of the emphasis on visual expression
The importance of the visual sense is indeed undeniable, it remains of great significance 
for those who design, construct and use buildings, especially for architects. It is well 
known that an architectural idea can be well communicated without words by means of 
simple models or by means of an image such as a simple sketch.
The problem is that, discussions of issues involving the other senses tend to be avoided 
in architectural literature. Remarkably different from the past centuries, the dissemination 
of knowledge in architecture nowadays relies heavily on glossy books and magazines, 
supported by visually impressive photographs. Good photographs of a project in an 
international magazine can have an immense effect in impressing clients, architects and 
students of architecture. In our society, the world of images (and also of illusions - virtual 
reality) has acquired an excessive importance.
Most buildings today achieve international success and are known to architects and 
students not from direct experience or observation but from published photographs. One 
needs just to mention the carefully composed and impeccably printed photographs of the 
latest Modernist and Postmodernist buildings to realise how persuasive these pictures can 
be. Scuri (1990, p.2) suggests that post-modern architecture is closely linked to the logic 
of mass media. "The post-modern skyscrapers constitute an architecture directed at men 
and women who are accustomed to strong visual stimuli."
Fitch (1972, p.3) points out that the photographer can capture only the visual facsimile of 
the building, being by definition unable to present a facsimile of its total sensuous 
behaviour, the photograph has invisible limitations of great consequence. For the
209
CHAPTER 3 - SECTION 3.1
photographer is limited by both choice and necessity to delineating only a few aspects 
(among millions of possible ones) of the building's behaviour; in time (day or night, 
winter or summer, sunshine or rain); in space (front, back, living room or kitchen, aerial 
or worm's-eye view); condition (empty or furnished, occupied or vacant, clean or dirty).
Photography itself, considered as an art form, is subject to trends. It records reality, but 
personal style or editorial interests can actually bend the truth. Modem techniques include 
montages, filters, split-shot panoramas and computer effects. In addition there is the 
power and interests of clients, manufacturers and editors deciding exactly what they want 
to show, so that they 'highlight' only those aspects which are considered useful and do 
not show those which should be played down.
For major architectural publications, professional photographers often turn to their large 
or medium-format plate cameras with movements like rising fronts, to correct otherwise 
converging verticals - and their armoury of lenses and filters. Long exposures are 
necessary for interiors, to have people in such pictures is a nightmare, unless they are 
frozen under the full control of the photographer's assistant. It is far easier to shoot 
interiors empty, and that is the way interiors are shown and imagined.
It should also be mentioned that long periods of time are necessary for the photographer 
to select the ideal time of day and weather conditions. This requires a lot of prints; pre­
shoot reconnaissance, props, re-shoots, and sometimes can involve the photographic 
team working with scrubbing brushes, because it is known that there is a world of 
difference between what they call contractors' 'clean' and photographic 'clean'. And there 
is usually scope for shooting in visually favourable, not necessarily prevailing, weather 
conditions, this will certainly mean better results than those cool and wet days of Winter 
and Autumn which may not be so cheerful for the building.
All of these inherent limitations and peculiarities of photography make it a questionable 
and precarious tool to be used in architectural education. The limited sensory data 
involved in a photographic image as compared to the experiential reality of the building 
has been admonished by Andresen (1993). She puts forward the view that to rely only on 
the image of an object for its making, use or assessment is to trivialisc architecture. She 
says that there is no substitute for attending the site of the architecture. “Experiencing 
architecture brings with it the world of relational qualities, including those of location, of 
adjacency, of use, of spatial sequence and the realm of ambient light/'
Fitch (1972, p.4) recalls:
And yet the fame of most of the monuments of modern architecture often rests upon exactly such a
narrow factual base. In some cases...die photographic facsimile having long outlived the original (eg.
Mies' Barcelona Exposition building of 1929). In other cases, the photograph has become more
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famous than ihe house itself ! (the view from below the falls of Wright's house - falling water, 1935). 
These photographs are not mendacious. Such aspects of these buildings do (or did) exist: and what 
these facsimiles bring to us of their vanished presence is important. But they represent at best only the 
merest fraction of the total, polydimensional experiential reality of the actual building.
Aesthetic values and judgements are substantially modified by non-sensual data derived 
from social experience. Fitch (p. 15) shows that this can be easily confirmed in daily life; 
it is our faith in antiseptic measures which makes the white nurses uniforms so 
reassuring; it is our knowledge of their cost which exaggerates the visual difference 
between diamonds and crystal; or the gustatory difference between the flavour of 
pheasant and chicken; it is our knowledge of Hitler which converted the swastika from 
the good luck sign of the American Indians to the hated symbol of Nazi terror.
He emphasises that all sensory perception is modified by consciousness. Consciousness 
applies to received stimuli the criteria of digested experience, whether acquired by the 
individual or received by him from his culture. Therefore the aesthetic process cannot be 
isolated from this matrix of experiential reality.
Maki (1994) points out that "Up to now, our view, our standards, and our norms and 
process of design with respect to architecture have depended on our looking at 
architecture from the outside." He exhorts that when one views architecture from outside, 
one's viewpoint is located without the building. This position outside the building 
conveniently eliminates questions about the internal environment, and it is not uncommon 
to hear or read people's disappointment with the internal environment of buildings 
designed with impressive forms.
The human senses allow information about the environment (the outside world) to enter 
the body. Traditionally, architectural practice and theory have given greater emphasis to 
the visual impressions alone, rather than to the total effect on the five senses. The general 
model of visuality still dominates current critical and theoretical discourse.
The present Western civilisation emphasises (and can be well characterised by) fast food, 
fast news, fast replacement of anything that goes wrong, fast everything, whereby the 
vital diffusion of information is always accompanied by illustrations, images and visual 
signals to be more easily absorbed; packaging, label, the look of a thing, has become 
more than ever, central.
Images, as archetypes can surely help the student learn design, but they cannot substitute 
for the value of rich personal experiences, systematic investigations, and intimate 
discoveries of actual places and environments.
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Even if students seek to extend themselves beyond the abstract level of designing, they 
usually lack sufficient concrete experience and turn instead to some prescribed formulae 
or ready-made solutions from books and magazines. According to Bognar (1985), many 
presume that by acquiring and applying the proper formulae and quantitatively measurable 
parameters, their designs will lead to successful buildings and environments.
Collins (1967, p.262) makes clear that architectural developments have been very much 
influenced by the techniques of reproducing illustrations.
there can be little doubt that the coarseness of English detailing in die mid-mncteendi century was very 
much influenced by the fact that all die illustrations in T h e  B u i l d e r  were reproduced from wood 
engravings, just as the relatively greater delicacy of French detailing of the same period was 
undoubtedly influenced by die fact that the R e v u e  G e n e r a t e  d e  T A r c h i t e c t u r e  was illustrated by steel 
engravings. Similarly, one can hardly overemphasise die importance of the introduction in 1856 of 
photographic reproduedons into architectural periodicals, since not only did this obviate the need lor 
periodicals to rely on architects providing them with their own perspectives..., but it encouraged their 
editors to show a preference for photogenic buildings, and a corresponding lack of enthusiasm lor 
buildings which, however excellent, did not provide flattering points of view for die camera.
Many architectural students nowadays neglect information about the properties and 
qualities of materials; the techniques of installing, finishing, and preserving them from 
weathering and decay. They rather treat them as only surfaces or textures; materials arc 
selected only at a late design stage, and they are often chosen in order to improve the 
visual composition or the colour scheme of a project.
This problem is also common to other disciplines. The current number and range of 
publications which interested designers and students could consult on Bioclimatic Design, 
if they were aware of and had access to them, is vast and continues to grow. These 
publications are varied, they come from different countries, but mostly from North 
America and Europe. They are written for specific target audiences. They take different 
forms - research reports, research papers, text books, design handbooks, journal and 
magazine articles, and trade literature.
All of these publications share characteristics which are problematic, especially for those 
without professional experience. These problems centre on how appropriate, sound, 
relevant, intelligible and comprehensive the information and advice which they contain is 
in a given set of circumstances.
The majority of publications are produced in North America and Europe, and the 
appropriateness of their contents can be severely limited elsewhere. Such publications arc 
compiled for a specific continent, with specific climate(s), specific culturc(s) and 
economy, a specific construction industry with distinct design standards and regulations.
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Therefore, information and guidance contained in these publications cannot simply be 
taken at face value, and so acted upon, by architects living and working elsewhere.
In addition, the examples from the stock of buildings cited and drawn in these 
publications, are often built using unique construction detailing. Their designs, and the 
experience gained from monitoring and living in them, are frequently the basis of the 
information and guidance which handbooks contain. Yet they are usually atypical and 
unrepresentative, even on their own continent. Architecture has been taught, practised 
and understood as a kind of product to be looked at, detached from it.
An obvious pitfall of an educational process, putting too much emphasis on visual 
quality, is that architects can get adapted to a narrow, reductionist view, shifting their 
interest away from the physical and dynamic nature of the building with all the 
consequent implications, in favour of purely formal and compositional concerns. In its 
drive to rationalise energy use in architecture and help designers to be environmentally 
responsible, some scepticists think that Bioclimatic Design can blind designers to the 
artistic aspects of architecture. It is through such incidents that architects can become 
estranged from environmental, social, technical and global responsibilities.
However, today, it is countless the number of students, architects and engineers who 
have attended Bioclimatic Design courses, workshops, lectures, seminars and 
conferences. The persuasive motive for its adoption and consideration is the potential for 
conscious design which applies concepts, scientific knowledge and principles to the 
broad and long term benefit of building users and the environment.
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3. 2. The establishm ent of Bioclimatic Design
We require from buildings, as from men, two kinds of goodness; first, the doing ot their practical duty 
well; then that they be graceful and pleasing in doing it. (John Ruskin, The Stones of Venice, 1851)
In reviewing the place of energy as an architectural factor, one can perhaps make a single 
indisputable statement, namely that little unanimity exists as to its specific importance. 
This clearly alludes to the present status and application of Bioclimatic Design and points 
to the adversities involved in attempting to value its influence in architecture.
Indeed, one extreme approach (the International Style) suggests, by implication, that 
climate should not even be considered a crucial parameter in architecture. Despite such a 
viewpoint, the weight of evidence appears to suggest that climate is an active factor 
(Aronin 1953; Olgyay 1963; Fitch 1972; Oliver 1973; Koemgsberger ct al 1974; Konya 
1980). Assuming this, it seems evident that the role of the energies of climate in relation 
to the design process operates at many different levels; from the lifestyle of building 
occupants, the nature of the surrounding landscape, patterns of energy usage, choice of 
materials, weathering of surfaces, to the resistance of the structure (against strong winds, 
cyclones, hurricanes, etc.).
This section examines the background of Bioclimatic Design; the principles and the 
technical knowledge implicit in it, which have been developed through many diverse 
social, historical and environmental contexts. Such knowledge has been given different 
priorities and subject to many categorisations. Within a very short period of time, energy 
shortage made this diffuse knowledge changed from being a conjectural topic to a 
scientific approach to design, which architects can understand both in its original way or 
through complex mathematical formulas and computer simulations.
It provides principles and quantitative design methods and techniques to enable designers 
to positively produce buildings of reliable performance. Knowledge in Bioclimatic 
Design has been systematised to develop tools, principles and theory which allow 
architects to logically design buildings capable of interacting with and modifying the 
surrounding external and internal environment in an energy-efficient way. 3
3. 2. 1 - Energy
All buildings have a primary function to regulate, however crudely, the energies of the 
environment. Climate can determine the role and importance of buildings in people's 
lives. One need not dispute the significance of climate to comprehend its determining role 
in buildings. Comfort and well-being consist of basic physiological processes and are 
fundamental human needs that must be satisfied. From the caveman (discussed in section
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2.1) to the contemporary urban person, life has meant coping with fluctuations or even 
extremes of temperature, humidity, solar radiation, wind, etc.. The energies of the 
environment have always been a major source of concern for human beings. Hippocrates 
wrote (in Thomson 1979) in about 400 B.C.:
Whoever would study medicine aright must learn of the following subjects. First he must consider the 
effect of each of the seasons of the year and the difference between them. Secondly, he must study the 
warm and the cold winds, both those which are common to every country and those peculiar to a 
particular locality. Lastly, the effect o f water on the health must not be forgotten. Thus he would 
know what changes to expect in the weather and, not only would he enjoy good health himself for the 
most part, but he would be very successful in the practice of medicine. If it should be thought that 
this is more of the business of the meteorologist, then learn that astronomy plays a very important 
part in medicine since the changes of the seasons produce changes in the mechanism of the body.
The essence of this postulate can be translated into what is now widely understood by 
physiologists as 'homeostasis'. It concerns the need that animals (especially mammals) 
have to keep the internal environment of their bodies within a fairly constant state through 
certain self-regulatory body functions (Decoursey 1968, p.60). A good example is the 
deep tissue temperature regulation of the human body; if the body temperature rises sweat 
is produced which, when it evaporates, has a cooling effect. The homeostatic behaviour 
of a person is continually compelling one to alter conditions in order to maintain comfort 
or reduce discomfort (the orientation response 'OR' was discussed at the end of chapter 
1). The more uncomfortable the environment, the more homeostatic behaviour patterns 
are likely to be exhibited by people within this environment.
The energies of the climate have continuously influenced people and architecture. 
Knowles (1974) asserts that traditional built form and the choice of location in different 
climatic regions show clearly that the benefits to be obtained from siting and orientation 
have long been realised by people in practice.
Observation and documentation of the manifestations of these energies come from time 
immemorial, understanding the seasons was crucial to the agricultural activity. Buildings 
have traditionally been conceived in observance to the energies of local climate, in regard 
to conditions of the variations of local wind, air temperature, precipitation, snowfall and 
sunlight (Watson 1987). Among primitive societies, site selection was often an elaborate 
process that involved the whole community. An elected building committee consulted the 
omens, investigated the site’s qualifications and tested climatic factors (Fitchen 1988).
Vitruvius, around two thousand years ago, made many references to designing with 
climate in his Ten B o o ks . He devoted Book VI of D e A r c h ite c tu r a  to architectural 
principles based upon climate and orientation. He stressed the importance of climatic
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determinants in site planning, the orientation of streets and buildings and the location ol 
rooms in dwellings in order to achieve maximum comfort and hygiene.
Emerging about the first century A.D. in Rome, was a new building type, the public 
bath. It took the spatial discoveries and environmental technology then available to full 
realisation at a monumental scale (Butti and Perlin 1981). The use of copper water 
heaters, ducted, radiant heating systems as well as south-facing glass for solar heating 
became then common and widespread.
Early attempts to analyse the effects of heat and cold on humans date back to Galen 
around A.D 160. Oliver (1973, p.348) notes that accurate measurement of climatic- 
factors could not occur until instruments were devised to measure them. He explains that 
although some indication of prevailing weather conditions were accumulated by Greeks 
and Egyptians (eg. Hippocrates' Airs, Waters and Places, 400 B.C.; Aristotle's 
Meteorologica, 350 B.C.; Ptolemy's Diares o f local Weather, 1st century AD.), precise 
observation really began with the invention of the thermometer in the end of the sixteenth 
century by Galileo, followed by the development of temperature scales by Fahrenheit and 
by Celsius in the seventeenth century, and the barometer by Torricelli in 1643.
The Greeks had ordered the universe around the four basic elements - fire, earth, air and 
water, with fire having a very prominent place. However, they did not understand the 
nature of energy. Later theories of energy contended that heat was an invisible fluid called 
'caloric' which could penetrate and expand all substances as well as dissolve certain 
materials into vapour.
The word 'energy' comes from the Greek ergon (work) and en (in). It was proposed in 
the early nineteenth century by Thomas Young, as a term to describe that, which enables 
the doing of work. It was also within the last two or three hundred years that air has been 
recognised to be not one homogeneous substance, as was long supposed, but a 
combination of different gases. Dufton (1937-38) remarks that at the end of the 
eighteenth century what is known now as nitrogen was termed phlogisticated air. oxygen 
dephlogisticated air, carbonic-acid gas fixed air and hydrogen inflammable air.
For a long time heat was believed to be a material substance, a fluid which flowed from 
hotter to colder bodies. Chemist Joseph Black was the first to identify that air was 
composed of more than one gas. He is said to be the first to make a clear distinction 
between temperature and heat. In 1760, he found that different substances required 
different amounts of heat to raise them one degree Celsius; and that melting ice absorbed 
heat without a change in temperature and so did boiling water.
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It was only in the nineteenth century that the subject of 'physics' acquired its current 
connotation. Harman (1982) points out that by the early nineteenth century this term was 
being used in the modern and more specialised sense to denote the study of mechanics, 
electricity, and optics.
In the 1820s the French scientists Joseph Fourier and Sadi Carnot studied the flow of 
heat and made many important advances (Carnot is considered to be the founder of the 
science of ’thermodynamics'). Thermodynamics, from the Greek roots therm e  (heat) and 
D y n a m is  (movement, power) means 'movement of heat', it is an applied science that 
defines and interprets the relationships among energy, heat and work.
In 1822 Fourier published his mathematical theory of heat which brought the study of 
heat within the framework of mathematical analysis previously applied only to mecahnical 
problems (Harman 1982, p.3). Only by the beginning of the last century it was widely 
suspected that heat was a form of energy (Hill and Dewynne 1987). In a series of 
experiments conducted between 1840 and 1849, Joule demonstrated conclusively the 
relationship between work and heat and their essential equivalence.
James P. Joule was the first to establish a mathematical measure of the exact relationship 
between heat and work. He spent many years converting various kinds of work into heat 
and found that a given amount of work always produced a given amount of heat. This 
subsequently led to the establishment of the First Law of Thermodynamics: 'Energy and 
matter can neither be created nor destroyed.'
By the 1830s A.J. Fresnel's wave theory of light was generally accepted. In 1847, 
Heinrich von Helmholtz drafted the 'First Law of Thermodynamics' which simply stated 
that energy can be converted from one form to another, but cannot be created or 
destroyed. The term 'entropy' was first used in 1850 by physicist Rudolf Clausius. His 
work and pronouncements eventually became the 'Second Law of Thermodynamics'.
The Second law of Thermodynamics by Carnot and Clausius states that: 'The energy of 
the universe is constant, but the entropy of the universe increases towards a maximum.' 
Both laws are widely used in Bioclimatic Design to describe the processes of energy 
conversion in buildings.
The real contribution of Joule, Carnot and Clausius was that energy could be understood, 
for the first time in history, as a unifying concept for so many different manifestations 
and phenomena - fire, work, light, sound, heat, etc.. By 1854 William Thomson declared 
(in Harman 1982, p.58) that Joule's work had led to the development of energy physics. 
In his view, energy had become the primary concept on which physics was to be based.
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Harman writes that the fundamental status of energy derived from its immutability and 
convertibility, and from its unifying role in linking all physical phenomena within a web 
of energy transformations.
3. 2. 2 - The evolution of hum an comfort
Butti and Perlin (1981) suggest that interest for the environmental conditions inside 
buildings is not a new topic. The Roman hypocaust was a very refined heating system. 
However, mastery over the conditions of the indoor environment was generally a 
primitive practice for many centuries. Before the development of modern building 
services, people, dunng winter in temperate and cold climates, would have an open fire 
and smoky rooms or wear voluminous clothing (not as a requisite of fashion, but a 
thermal necessity). In hot climates buildings had massive walls, enough provision for 
through ventilation and verandahs as means of screening the interior from direct 
sunshine.
Cowan (1977b, p. 106) provides a valid synopsis of the way traditional building 
performed for many centuries:
Except for a brief interlude during the late era of the Roman Republic and during the Roman Empire, 
environmental design received little attention prior to the eighteenth century. Good acoustics and sound 
insulation were the result of accident. The level of artificial light was low, heating was primitive and 
artificial cooling was impossible. ...Thick masonry walls provided sound and heat insulation.
Although Bioclimatic Design principles were never written down comprehensively, or 
named as such, they were deeply rooted in the experience and practice of building. Given 
the importance of energy to architecture, it is remarkable how little has been written about 
this subject. Such negligence might represent a historical elucidation of the objection for 
the wide adoption of Bioclimatic Design (see section 3.1).
Another reason for the wide gap between architectural design and bioclimatic 
understanding has probably been the outgrowth of the traditional Western philosophical 
concept that man and nature were separate, and that their relationship could not be easily 
ascertained or cut down to a set of scientific laws.
As human comfort constitutes the major concern of the subject matter under study, it 
seems appropriate here to reflect on the general picture and the progressive notion of 
comfort. This way, it might be possible to realise that though the physiological senses 
involved could well be the same, the expectations, the aspirations, the sources and factors 
attributed to cause the feelings and the notions of comfort or discomfort, indeed varied 
with the circumstances of time. Although the human body has not substantially changed
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physically, the idea of what comfort is differs radically from that of centuries ago. It is 
sensible to analyse why is that so.
Throughout history designers have progressively realised that the use of matter, through 
massive building structures, could easily produce protection from rainstorms; coolness in 
summer; and acoustic and visual privacy (Banham 1969; Cowan 1977a). Current 
knowledge in Bioclimatic Design reveals that in spite of the physical, material separation 
between the interior of buildings and the total environment, the energies of the climate 
still influence the interior space of buildings. And a building designed for the Amazon 
cannot be expected to perform at great efficiency in Scotland, or vice versa.
Information and technology in environmental control systems can make the same building 
design equally comfortable in Scotland or in Amazon, the difference, however, will be 
apparent in the amount of energy or the electricity bills for the respective locations.
From classical times the literature is scattered with advice on how to site and plan 
buildings in order to promote health and mitigate the rigour of the elements (eg. 
Vitruvius, Palladio). The complex and dynamic way people interact with buildings has 
been rarely addressed in architectural history texts. As discussed before, standard 
architectural texts possess this inherent limitation in that they are concerned only with the 
changes which occur in the appearance of buildings and the attributes of their forms.
Kerr (1871, pp.66-67) asserts that the qualities which an English gentleman of the late 
nineteenth century would value in his house were comprehensively: quiet comfort for his 
family and guests; thorough convenience for his domestics, and elegance and importance 
without ostentation. He distinguishes 'comfort' as one of the general maxims of design 
during that time, among: privacy, convenience, spaciousness, compactness, light and air, 
salubrity, aspect and prospect, cheerfulness, elegance, importance and ornament.
Up to the 1960s one finds a substantial lack of documentation in the technical literature 
about the subject of comfort. Although dealing with it in a very broad sense, Giedion 
(1948) has been one of the few theorists to write about this topic before 'energy' became 
an issue for architects. Reference will be made to his concise version of the progressive 
way in which the idea of comfort evolved to modern standards. He starts with the 
Medieval idea of comfort (p.299):
From today's point of view the Middle Ages had no comfort at all. The furniture was crude, die heating 
poor. Doubtless the sight of wood blazing in great piles will ever be an appealing one. The Middle 
Ages knew well how the hearth might be woven into domestic life and the fireside given a meaning far 
beyond its bare usefulness. But what a relapse into the primitive after the villas, with their evenly 
heated floors and walls, found wherever the Romans settled beyond the Alps! It was cold in die 
medieval house...
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He suggests that the prevalent sentiment for comfort during the Middle Ages was one 
related to the comfort of space. He (p.3(X)) inquires: "Was there no comfort at all? rooms 
meagerly equipped with a scries of chests, of rough-hewn trestle tables and clumsily 
joined bedsteads - could this be called comfort7" He observes that because of the cultural 
and political dominance of the Monasteries as the highest agents of civilisation at that 
time, religion became the point of convergence of social activity, the means of contact 
with other lands and the source of all education and learning.
The Monks ruled as powerful landowners and large-scale agrarians, but they were vowed 
to rigorous conduct and modest living. They gave little attention to such questions as how 
the body might best relax, and this was of no concern for lives were based on 
mortification of the flesh. Throughout its time the medieval interior bore the mark of its 
austere origins. Giedion (1948, p.301) outlines that distinct criteria for comfort:
And yet there was a medieval comfort. But it must be sought in another dimension, for it cannot be 
measured on the material scale. The satisfaction and delight that were medieval comfort have their 
source in the configuration of space. Comfort is the atmosphere with which man surrounds himself 
and in which he lives. ...Medieval comfort is the comfort of space. A medieval room seems finished 
even when it contains no furniture. It is never bare. Whether a cathedral, a refectory, or a burgher 
chamber, it lives in its proportions, its materials, its form....no later age so emphatically renounced 
bodily comfort. The ascetic ways of monasticism invisibly shaped the period to its own image.
At the domestic scene the situation was somehow jumbled. Rybczynski (1987) remarks 
that medieval houses were full of people; the household itself was large, there were 
servants, apprentices and employees. Possibly because there were no restaurants, bars 
and hotels, houses served as public meeting places for both entertainment and business. 
Rooms did not have specialised functions and privacy was literally unknown.
Medieval lownhouses combined living and work, the city was fortified and by necessity 
densely occupied. When analysing Albrecht Durer’s picture of St. Jerome in his study 
(dated 1514), Rybczynski (1987, p. 18) comments: “It was unusual for someone in the 
sixteenth century to have his own room. It was more than a hundred years later that 
rooms to which the individual could retreat from public view came into being - they were 
called ‘privacies’.”
Between the Middle Ages and the seventeenth century the conditions of life slightly 
changed. The following development along this line is, according to Giedion (p.304), the 
late Gothic room which marks at once the end of a development and the beginning of a 
new one. The lack of physical amenities persisted:
Forms will change in the course of the sixteenth, seventeenth, and eighteenth centuries. But this 
notion will remain: nothing should impair die unity of the room. It is a living instinct in these 
periods dial space shall be dominant, not furniture. To diis cverydiing else is unconsciously 
subordinated.
220
CHAPTER 3 - SECTION 3.2
The next impulses in the sphere of comfort came in the late Baroque, of which the 
Rococo was a phase. Giedion (1948) comments that the notion of comfort then was 
redirected to the furniture, or rather to the adaptability of the furniture, especially chairs, 
to the human body. Probably, due to developments in social activities and demands for a 
more bureaucratic conduct demanding a great deal of writing and reading, the invention 
of a comfortable support for the body that would allow relaxation and flexibility in 
posture became necessary. He says (p. 313):
The Rococo tackled its seating forms radically. Little more than the skeletons of the seventeenth 
century types is retained. ...The curves intervene. As its lines become fluid, the chair can adapt itself 
to the organic, to the body. The seventeenth-century armrests and upholstered seats are relaxed and 
fused into a continuous curve, a shell moulded to the body... The curve, the three-dimensional curve, 
here appears, as in the late Baroque church vaults. It was intrinsically suitable to the human body.
The modern types of rest furniture, according to Giedion, were formed in the late 18th 
century. They were for brief transitory relaxation, and provided a different comfort from 
the static repose of a bed. Their design reveal, beneath seemingly purposeless curves, 
images ruled by analysis and precise observation of human posture. The furniture of the 
Rococo sought to yield comfort and to fulfil what was required. In so doing, good 
systematic design became a powerful tool for the creation of modern comfort.
Lukacs (1970) writes that the increasing ‘interiority’ of the bourgeois era was involved 
with the increasing ‘contentment’ of the human condition in the West. He suggests that 
while the medieval civilisation was strongly external, the bourgeois era of European 
civilisation, on the contrary, was marked by the internal deepening of human 
consciousness (co g ito  erg o  sum ). As the exploration of the external world accelerated, 
people became more and more aware of the interior landscape of their minds.
He underlines the external character of medieval culture - what mattered then was the 
external world, and one’s place in it. Life was a public affair, one did not have a room of 
one’s own. He suggests that it was people’s mind, not the absence of comfortable chairs 
or heating systems, that explain the austerity of the medieval house.
Lukacs suggests that as the appearance of words like se lf-c o n fid e n c e , s e lf-e s te e m ,  
ch aracter, ego, co n sc ien ce , a g ita tio n , sensib le , a p a th y , etc. marked the emergence of 
something new in the minds of peoples, something new appeared too, in their, lives. As 
the self-consciousness of medieval people was undeveloped, the interiors of their houses 
were bare, including the halls of nobles and of kings. The interior furniture of houses 
appeared together with the interior furniture of minds. He concludes that what is involved 
is far more important than the history of furniture; it involves the history of domesticity, 
privacy and comfort. The bourgeois ideal was expressed with the universality of comfort, 
convenience, security and freedom.
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Architecturally, there were some minor improvements; glass in windows became more 
popular, although openable windows remained a rarity. The fireplace and chimney gained 
a wider acceptance (the architecture of some palaces and castles - eg. the Loire - is 
dominated by dozens of chimneys). The fire and the fireplace represented the most 
advanced form of environmental control for lighting and heating. With the coming ol 
gaslight around the end of the eighteenth century, there was a more efficient way o( 
providing illumination at night.
The Latin root of the word ‘comfort’ was C o n fo r ta r e  which originally meant to 
strengthen or console, and this, Rybczynski (1987, p.20) asserts, remained its meaning 
for centuries. Later, the meaning of ‘comfort’ broadened to include people and things that 
afforded a measure of satisfaction, and ‘comfortable’ came to mean tolerable or 
sufficient, as used in expressions such as ‘a bed of comfortable width’ or a 'comfortable 
income’. Following generations expanded this idea of convenience, and by the eighteenth 
century, ‘comfort’ acquired its current sense of physical well-being and enjoyment.
Rybczynski (p. 125) asserts that in the eighteenth century ‘comfort’ was a generalised 
feeling of well-being, not something that could be studied or quantified. He points out 
that until at least the 1850s comfort was seen by most people as something first of all 
cultural, and only secondarily something physical.
A comfortable home is, according to Kerr (1871, p.69), perhaps the most cherished 
possession of an Englishman. He (p.70) suggests that indoor comfort is essentially a 
more Northern idea, as contrasted with a sort of outdoor enjoyment which is equally a 
more Southern idea, and Oriental. He emphasises that the comfortableness of a house 
indicates exemption from all such evils as draughts, smoky chimneys, kitchen smells, 
damp, vermin, noise, and dust; summer sultriness and winter cold; dark corners, blind 
passages and musty rooms.*
3. 2. 3 - Investigating comfort
Architectural history goes back far beyond the establishment of any comfort criteria. As 
discussed before, changes in the idea of human comfort had taken place gradually, over a 
long period of time, and the changes themselves had been small and diffuse in time and 
space. Comfort is a subtle and, as yet, not well understood subject. Some researchers
(transcription of a footnote in Kerr's book) - It appears to have been a matter of disappointment to 
some readers of our first edition that we do not deal with this class of questions in detail, by way of 
pointing out the means of prevention and cure; but a moment's reflection will show that, our subject 
being plan only, these considerations as a class cannot come formally into our programme. Several of 
them, however, are frequently spoken of incidentally throughout the work.
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(eg. Gerlach 1974) hold that comfort is a personal, subjective experience of satisfaction, 
and that psychological as well as physiological contentment must be provided.
If comfort is merely a subjective response, one could expect a great range of opinions 
toward it, whereas in fact, as literature shows, different periods and different socio­
economic conditions within the same period have always expressed in a variety of ways 
quite common estimates of what they meant by comfort (Giedion 1948; Fanger 1972; 
Rybczynski 1987). Auliciems (1981) proposes a psycho-physiological framework, to 
argue that comfort does not necessarily concern human physiology only.
In fact, it was the lack of comfort (discomfort, stress and ultimately death) that promoted 
the need to investigate the forms and contexts of the energy exchange between people and 
their environment. Underground mining, for instance, eventually brought about 
pioneering research covering the requirement of human beings for proper air supply. 
Mining was for many centuries, the most discredited of all industrial work. A freeman 
would not work underground in close and confined spaces, so the laborious, dark, wet 
and dangerous work of extracting minerals from underground was allotted to slaves, 
criminals and children.
Observations in different parts of the world have shown that increase of temperature has 
limited mining operations in depth. Archaeological searches have found the skeletons of 
hundreds of workers who died from the heat and dampness, combined with the efforts 
that they were compelled to exert. Deep mining is mentioned here because the very 
establishment of the ASHVE (American Society of Heating and Ventilating Engineers) 
research laboratory at Pittsburgh revolved about the interest of the United States Bureau 
of Mines in the health and working conditions of labour in mining.
In architecture the importance of maintaining comfort, or a lack of discomfort has always 
been crucial. Because most humans spend most of their time indoors, sheltered and 
protected, one can assume that humans use architecture basically as a ‘comfort-provider’ 
or ‘discomfort-reducing’ device. From ancient times, humans have made architecture as a 
membrane that regulates heat, daylighting and ventilation in order to attain comfort.
Along with civilisation, Bioclimatic Design techniques have been developed, over the last 
two thousand years, to cope with the requirements of complex human demands. They 
only reached some systematisation after the post Second World War years. Up to that 
time, few comprehensive studies have emphasised the influence of energy on building 
design in a scientific way.
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During the nineteenth century Heberden (1826)* recognised that the sensations ot heat 
and cold experienced were determined by factors other than air temperature. Objective 
studies of human comfort can be traced back to the examination of environmental 
conditions in factories and mines around the first decades of this century (eg. Haldane 
1905; Houghten and Yagloglou 1923; Vernon and Warner 1932; and Bedford 1948).
Consideration of the more subjective aspects of thermal comfort prompted the 
development of another facet of research in the 1920s by the American Society of Heating 
and Ventilation Engineers (ASHVE), later renamed the American Society of Heating, 
Refrigeration and Air Conditioning Engineers (ASHRAE), to develop guidance data for 
the design of building environmental systems.
Research on subjective comfort may still have some wide-reaching ramifications, as it has 
been realised that bodily comfort depends upon many factors of which warmth is only 
one. It involves more than just an index of thermal stress. This wider aspect was an 
important finding (eg. by Bedford and Warner 1939) for the consideration of the effects 
of other physical factors upon subjective impressions of properties such as freshness, 
comfort and vigour. Macpherson (1962b), Auliciems (1981) and Humphreys (1992) 
argue that comfort is also influenced by the prevailing climatic conditions encountered by 
people in their daily living.
One outcome of so much investigation has been the development of a large number of 
instruments and concepts which are been used to set up criteria for Bioclimatic Design. 
Several instruments have been invented which approximate to human response for some 
of the environmental factors affecting comfort (eg. the Kata thermometer, the 
Eupatheoscope).
Continuing attempts have been made to objectively measure comfort. It was found that it 
is more realistic to ascertain 'discomfort' than 'comfort'. Indeed, it may well be that 
comfort cannot even be defined, and without proper definition there cannot be proper 
measurement. The concept of comfort has been very similar to that used for defining 
health; it is only possible to declare that a person is healthy when that person does not 
have any illnesses. Therefore, comfort and health seem to be only definable in terms of 
their negative qualities. A popular definition of comfort has been - 'comfort is that 
condition in which discomfort has been avoided’.
Questions were raised that when values were decided and used as standards of comfort, 
there was a tendency for designers to design for numbers rather than for people. This
4 Heberden, W.(1826) An account of die heal of July 1825 together with some remarks on sensible cold 
P h i l .  T r a n s .  2. 69. cited in MacPherson 1962 (b).
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debate underlined the importance of variety, the need for some contrast, as opposed to a 
static average condition which many call 'environmental desert' (eg. Thornley 1969).
Cooper (1982a and 1982b) discusses this issue, especially in commercial and 
governm ent buildings, and sees it as a trend to remove the ability to control 
environmental conditions from users in favour of centralised and automated systems 
which give building managers and owners complete control. Human comfort is seen as a 
quantifiable, mechanistic issue and open to manipulation and prediction. He notes that 
research in this field has cultivated an abstract concept of comfort, one which does not 
encompass the variety of amenities which render internal environments pleasant, 
agreeable or unpleasant. The inadequacy of this concept results in a rudimental 
explication of the relationship between people, buildings and the environment.
One of the most significant gams of the energy crisis of the 1970s has been the beginning 
of an almost universal awareness of energy usage in buildings as well as in depth studies 
of human comfort. Since then many important related topics have been studied and 
practiced consistently.
Victor Olgyay (see section 3.3) is a key figure for the systematisation of Bioclimatic 
Design. He derived a comfort chart involving the physical factors (radiation, relative 
humidity, wind velocity, dry bulb temperature, etc.) in a format readily useable by 
architects. His 'Bioclimatic Chart' has been widely used by architects, although it was 
developed for inhabitants in the moderate-climate areas of the United States (Fig. 9).
Fig. 9 - Olgyay's Bioclimatic 
Chart, applicable to inhabitants 
of the moderate climate zones 
in the U.S. (Source: Olgyav 
1963, p. 22)
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3. 2. 4 - Sanitary  and health conditions as the basis
Early interests in environmental subjects; the elements and features of the environment 
which are critical for maintaining the physiological functioning of the human organism, 
apparently stemmed from the public health and sanitation movements. They were 
connected with nineteenth century ideas about contamination and the influence of climate 
on disease.
With the march of industrial and technological 'progress' there was a certain 
accompaniment of health deterioration (see section 2.4), which after a time and for a time 
outdistanced the progress. The much unpleasantness and trauma that must have occurred 
in such circumstances (Mearns 1969; F.M.Jones 1968; Wohl 1977) have definitely 
influenced the establishment of some of the attitudes and theories that hold valid today.
Left at the mercy of periodic epidemics, the industrial cities that experienced great 
densities of population subjected themselves to dreadful malaises resulting from the non- 
salubrious conditions (Mearns 1969). They became victims of severe discomfort and 
filthy environments as well as of the absence of a scientific understanding of the causes 
of many communicable diseases.
The visible danger of life in such cities would elicit no question. It is only in 
comparatively recent history that scientific achievements have opened up the road to 
hygienic improvements (Read 1970). The last two centuries discovered that cleanliness, 
hygiene and human comfort mattered significandy.
Maule (1947) remarks the demands for the transformation of the old 'satanic mills' of the 
nineteenth century, where the labour employed consisted, to a large extent, of pauper 
children brought from the large towns. These children of the tenderest ages were 
compelled to work as much as fourteen hours a day for six days a week, and they were 
housed in buildings provided by the manufacturers, generally adjacent to the mill. He 
informs that neither health nor welfare had a place in the mill owners' scheme of things.
He assumes that architects had little control over what the client determined to do with a 
building. But he asserts that architects could have considerable control over matters such 
as the heating, the ventilation, the lighting and the structure and materials for the building, 
factors which represent very long-term implications for the health of people. He regards 
that airy, clean and bright places are essential, obviously concurrently with water supply 
and sewerage systems.
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The realisation that good health and the preservation of life were issues of utmost 
importance can be seen as of absolute relevance to the new way of life; with the problems 
of agglomeration of people in cities; the heedless disposal of wastes; the pollution of the 
environment and the consequent spread of diseases and epidemics.
Although much of the early attempts to designing healthy and comfortable environments 
were sensible, yet, most of them were indeed speculative and superstitious. The 
sanitation movement of the last century has proven enormously influential on the growth 
of Bioclimatic Design, and is largely responsible for the fact that the standards for light, 
heat and ventilation are generally ratified throughout the major cities of the world.
Cowan (1978) argues that because the stuffiness and all other offenders in degradation of 
air could not be seen, detected or measured, the problem could hardly be scientifically 
resolved. Until recently, people remained relatively ignorant about air movement, they 
managed to capitalise on air movement in buildings based largely on intuition alone.
There is little doubt that last century interiors with their smoky fireplaces, open cooking 
fires, and ill-washed inhabitants contained a great deal of what it is now called ‘indoor 
pollution’. Prevalent was the notion (already discussed) that the discomfort and malaise 
which resulted from a crowded space was due to toxic substances emanated by the 
people. It was actually a scientific discovery by the French chemist A.L. Lavoisier, who 
found the composition of the atmosphere, that finally recognised that this ‘malaise’ 
substance was carbon dioxide, or 'carbonic acid' as it was called.
People, during the nineteenth century, were not just concerned with ventilation, they 
were actually obsessed by the subject of fresh air. As Rybczynski (1987) says, no 
nineteenth-century book on house planning was complete unless it included at least one 
chapter on the subject of ventilation and ‘the evils of bad air’, since then this issue has 
been approached more and more scientifically. Falconer writes (in Dufton 1937-38) that: 
"Governments may stamp the manners, but it is the air we breathe which moulds the 
form, temper and genius of a people."
Ventilation meant more than the supply of fresh air; scientists reasoned that it was the 
increased level of carbon dioxide in a crowded room which affected the comfort of its 
occupants. It is obvious nowadays that ventilation influences air purity, temperature, and 
moisture, therefore it has a direct effect on human health, comfort and well-being. 
Consequently, the supply of fresh air has an important role in the quality of life.
With the replacement of gravity warm air systems by forced air systems by the end of the 
last century, separate warm air pipes or ducts were brought to each room to be heated;
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forced circulation of the air through the heating system was begmning to receive serious 
considerations. Progressively different sorts of ducts and pipes were required to circulate 
air and water through the buildings. This basic technology meant the very initiation for 
servicing complex conveniences in buildings, it also underlined the fact that human 
comfort in architecture was something that could be tackled by mechanical equipment.
As mentioned before (section 2.1), physiological and psychological instincts induce man 
to seek relief from the stresses imposed by environmental factors outside the range of 
human comfort. For minor changes, clothing has assisted as protection, under more 
immoderate conditions the use of massive structures in architecture has traditionally been 
of great avail. Where the building fabric was inadequate to create comfortable conditions, 
social conditions could be adjusted, as by the siesta, to ensure that no excessive demands 
are made upon the population. Beyond the cultural, social and physical means available, 
active building environmental systems, with the use of energy, were developed to deliver 
the desirable conditions.
Cesar Daly, referring to Charles Barry’s Reform Club (quoted in Collins 1967, p.99) 
develops an analogy between the intricacies of a building' system and an organism:
...almost a living body, with its complex circulation systems; for in its walls, which appear so 
immobile, there circulate gases, vapours, and fluids through the hidden ducts and wires. These latter 
constitute the arteries, veins and nerves of a new organised being... Heat is conveyed by them in 
winter, fresh air in summer, and in every season they supply light, hot and cold water, food, and all 
those numerous accessories which an advanced civilisation requires.
The increasing complexity and performance of building installations transformed the 
traditional notion of architecture itself, from that of an unrefined inert mass of stone and 
brick to that of a very purposeful operative system, as exemplified by the Centre Georges 
Pompidou in Paris (Fig. 10).
Fig. 10 - Complete exposure and 
visual exploitation of complex 
environmental installations (Source: 
Frampton 1985, p. 285)
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As far as recorded history shows, the British House of Parliament (Bruegmann 1978) 
was one of the earliest attempts at artificial ventilation. It was done not by an architect, 
but by the chemist Humphry Davy in 1811, who seemed to lead the way with innovative 
ventilating systems. In 1836 this building was provided with a supply air and exhaust air 
system of ventilation using fans driven by steam engines. The air was treated with water 
sprays for cooling and humidification, and additional cooling was provided by use of 
purchased ice.
Many of the environmental improvements, by the middle of the nineteenth century, were 
not carried out by architects but were the result of the work of sagacious entrepreneurs, 
socially minded reformers and especially doctors. Foucault (1980, p.150) suggests that 
doctors, in the name of health and cleanliness, acted among other things, as specialists of 
space. Doctors were among those who were most sensitised to the problem of the 
environment, the facts of place and temperature. They studied the basic questions of local 
conditions (climate, soil, humidity); the correlation of these local factors and seasonal 
variations to a particular sort of disease; that of co-existence (density, proximity, the 
questions of water, sewage, ventilation, stables, abattoirs, cemeteries); that of residences 
(the environment, urban problems); and that of displacement (migration of men, the 
propagation of diseases). He suggests that this is the time when social hygiene was born.
The interest in hygiene was later taken up by many architects. Gropius, for example, (in 
Isaacs 1986, p.26) on the subject of industrial construction, said:
Work must be established in places that give the workman, now a slave to industrial labor, not only 
light, air, and hygiene, but also an indication of the great common idea that drives everything. 
...Farsighted managers have long known that with the satisfaction of individual workers, the common 
work spirit also grows, and with it the efficiency of the whole plant. The sophisticated industrialist 
will take all profitable steps to relieve the deadening monotony of factory work and alleviate its 
constraints. That is, he will attend not only to light, air, and cleanliness in the design of his buildings 
and work spaces, but will also take cognizance of those basic sentiments of beauty that even 
uneducated workers possess.
Archea and Connell (1986) suggest that provisions for natural lighting and ventilation in 
buildings were implicit criteria driving the building codes, and they have shifted from 
achieving health effects to achieving comfort. They note that some specifications which 
were originally proposed to curtail airborne diseases now focus on comfort criteria such 
as the perception of body odour. They conclude that throughout the twentieth century 
most research on indoor heating, ventilation, and air conditioning has used comfort rather 
than health criteria as the primary indicator of acceptability.
Randell and Mitchell (1969) indicate that besides the need and desirability for comfortable 
conditions within buildings, there has been an increasing interest, particularly in
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commercial and industrial buildings, for optimising the internal environment to improve 
work performance. Since, in these building types, salaries and wages comprise by far the 
largest part of the total cost of operating the building (ie. of the cost of performing the 
function for which the building is erected), a small increase in productivity of the 
personnel, employee satisfaction and reduced staff turnover are all well justified.
Scientific advances have revealed that the health of the human body is linked to the 
precision with which the functioning of the body's internal environment is regulated 
(Decoursey 1968; Edholm and Weiner 1981). Of course, the nervous and endocrine 
systems, part of the homeostatic controls, are more the concern of the medical researcher. 
It is the actual homeostatic responses to atmospheric variations, especially 
thermoregulation, that mostly concerns Bioclimatic Design.
3. 2. 5 - Building perform ance
Throughout the history of architecture the conservative and passive purpose of a massive 
building envelope has represented the primary means of climatic control. The rational and 
scientific transformation, manipulation and utilisation of certain qualities of matter 
highlight the contemporary notion of architecture as a dynamic, reactive system.
The deliberate alteration of the interior environment by the use of fire is a very primitive 
experience. Intentional use of water fountains, or of areas of vegetation are among the 
most customary interventions to induce climatic modification. Probably because no great 
advancement was made in harnessing new energy sources, for many centuries buildings 
did not experience significant technological improvement in their internal environments.
Paul-Joseph Aidant, by mid-nineteenth century (in Collins 1967, pp. 195-198), compared. 
Northern buildings with those of the South, he suggested that their structure and 
construction are founded on the same principles; composed of vertical supports, timber 
trusses, etc.. In the South the structural intervals between the vertical supports can remain 
open, to produce colonnades or arcades, whereas in the North the intervals are filled in 
with walling pierced by apertures. He considered that climatic conditions in France made 
it necessary for solids to dominate over voids, just as the climate recommended the use of 
sloping roofs. He discussed the differences between the French dwellings and those of 
Greece and southern Italy, where external apertures were rare, porticos open and roofs 
Hat. He suggested that since architecture was an art whose main purpose was utility, its 
forms and techniques should always conform to the customs of each nation and to 
climatic and geological milieu for which it was created.
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Bioclimatic Design principles and techniques do not come from a single inventor or 
designer, they are mostly based on the readiness of well-tried examples and on shared 
communal experience in which the elements of nature, climate and culture are all 
integrated (Rapoport 1969; Saini 1973; Cowan 1977a). Before Bioclimatic Design was 
fully and formally systematised, one can assume, there was a considerable discontinuity 
between the architects' set of rationale and their actual practice.
Considering that the body of theory, ideas and precise discernment of climatic influence 
on building design were not available, those gaps could be quite large (elsewhere the 
ungrounded and superstitious accounts were discussed). However, it should be 
emphasised that basic knowledge of this subject was entirely informal, shared by the 
community, and the overall comfort standards and expectations were probably, fairly 
low, as discussed before.
It is unusual that clients, such as those described by Robert Kerr in The E n g lish  
G e n tle m a n ’s H o u se , published in 1864 (in Stevenson 1880), demanded from an architect 
‘no style’ but the ‘comfortable one’. Mr. Kerr suggests as the answer of the gentleman, 
when his architect asks him in what style he wishes his house built? “In no style at all, 
except the comfortable style if there be one,...”
Aesthetic and scientific development in architecture have been often described in terms of 
their relation to structure and the use of materials. However, structure and materials exist 
in space and time and are therefore subject to environmental effects. In addition to their 
supporting and compositional roles, they have to exclude weather, to admit light and air, 
etc.. The physical interdependence of architectural form, volume and mass to the 
controlled delivery and distribution of light, heat, ventilation and sound has not been 
comprehensively explored and rationalised until a few decades ago.
Modem methods of heating and ventilation only started progressing with the advent of 
the Industrial Revolution. In fact, many environmental control techniques and strategies 
improved as by-products of the Industrial Revolution (eg. space heating, mechanical 
ventilation, air conditioning, etc.).
Bevirt (1991) suggests that artificial ventilation was introduced in many European 
factories and public buildings not as a requisite of comfort but as a health and safety 
device. In 1824 Michael Faraday published his research upon refrigeration. While some 
improvements in refrigeration for meat and dairy preservation were made possible, 
cooling was not a vital problem for most of the European countries.
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A r t i f i c i a l  c o o l i n g  o f  a i r  f o r  p r o m o t i n g  h u m a n  c o m f o r t  g o e s  b a c k  to  t h e  f i r s t  u s e  o f  i c e  f o r  
t h i s  p u r p o s e .  C h e s t e r  ( 1 9 3 7 - 3 8 )  i n d i c a t e s  t h a t  t h e  e a r l i e s t  r e c o r d e d  c a s e  o f  t h e  
e m p l o y m e n t  o f  m e c h a n i c a l  r e f r i g e r a t i o n  in  c o o l i n g  a i r  f o r  c o m f o r t ,  w a s  t h a t  o f  a n  
a m m o n i a  s y s t e m  i n s t a l l e d  a t  a  R a j a h ' s  p a l a c e  in  I n d i a  in  1 8 8 7 .
B e f o r e  e l e c t r i c  l i g h t  w a s  m a d e  a v a i l a b l e ,  t h e  g l a s s  m a n u f a c t u r i n g  h a d  p r o g r e s s e d  e n o u g h  
to  t h e  p o i n t  t h a t  l a r g e  w i n d o w s  w e r e  u s e f u l  s o u r c e s  o f  l i g h t  d u r i n g  t h e  d a y .  A f t e r  
n i g h t f a l l ,  h o w e v e r ,  l i g h t i n g  w a s  c r u d e ;  e v e n  w i t h  t h e  g a s  l i g h t  a r o u n d  t h e  e i g h t e e n t h  a n d  
n i n e t e e n t h  c e n t u r i e s ,  t h e r e  w a s  n o  e f f i c i e n t  w a y  o f  p r o v i d i n g  e f f i c i e n t  i l l u m i n a t i o n  a t  
n i g h t ,  t h e  c a n d l e s  p e r s i s t e d  a s  a n  a c c e p t e d  f o r m  o f  i l l u m i n a t i o n  f o r  m a n y  c e n t u r i e s  ( w a x  
c a n d l e s  h a d  b e e n  i n v e n t e d  b y  t h e  P h o e n i c i a n s  b e f o r e  A . D .  4 0 0 ) .  R y b c z y n s k i  ( 1 9 8 7 )  
p o i n t s  o u t  t h i s  m a y  e x p l a i n  w h y  w e a k  a r t i f i c i a l  l i g h t  w a s  t a k e n  f o r  g r a n t e d .
O n c e  th e  s t e a d y ,  s t r o n g  a n d  c l e a n  l i g h t i n g  o f  E d i s o n ’s l a m p  b e c a m e  k n o w n  a n d  a v a i l a b l e  
( F i g .  11 ) ,  t h e  e f f e c t s  o f  b r i g h t e r  i n t e n o r s  w e r e  n o t  s i m p l y  i n c r e a s e d  v i s u a l  c o m f o r t ,  b u t  it  
e n c o u r a g e d  m o r e  e c o n o m i c  p r o d u c t i o n  a n d  g e n e r a l  l i t e r a c y ;  w o r k i n g ,  w r i t i n g  a n d  r e a d i n g  
a t  n i g h t  w e r e  n o  l o n g e r  i m p o s s i b l e  o r  u n c o m f o r t a b l e  a c t i v i t i e s .  C l a r k  ( 1 9 7 5 ,  p . 2 9 )  
c o n f i r m s  t h a t  p r e s s u r e  f o r  b e t t e r  l i g h t i n g  w a s  i n c r e a s i n g  a s  m o r e  p e o p l e  l e a r n e d  to  r e a d  
a n d  a s  t h e  f a c t o r y  s y s t e m  b e g a n  d e m a n d i n g  b e t t e r  i l l u m i n a t i o n .
Fig. 11 - Edison's incandescent lamp of 1879 
(Source: Bowers 1982, p. 118)
E a r l y  s c i e n t i f i c  w o r k  in  B i o c l i m a t i c  D e s i g n  w a s  i n i t i a t e d  in  t h e  f i e l d s  o f  h e a t i n g  a n d  
v e n t i l a t i o n .  O n e  m a y  p r e s u m e  t h a t  t h e  t w o  m a j o r  e n v i r o n m e n t a l  f a c t o r s  to  c a u s e - n e g a t i v e  
r e a c t i o n s  to  t h e  h u m a n  s e n s e s  a t  t h a t  t i m e ,  m i g h t  h a v e  b e e n  t h e  s m e l l  a n d  t h e  c h i l l  
( C o w a n  1 9 7 8 ) .  A n o t h e r  c o n j e c t u r e  c o n t r i b u t e d  to  t h e  c a u t i o n  w i t h  w h i c h  p e o p l e  v i e w e d  
‘f o u l  a i r ’ ; t h e  u r b a n i s a t i o n  p r o c e s s  d u r i n g  t h e  n i n e t e e n t h  c e n t u r y  c a u s e d  m a n y  e p i d e m i c s  
( s e e  s e c t i o n  2 . 4 ) .  A t  t h a t  t i m e  i t  w a s  w i d e l y  b e l i e v e d  t h a t  m a n y  d i s e a s e s ,  s u c h  a s  m a l a r i a ,  
c h o l e r a ,  t y p h o i d  f e v e r ,  e t c .  w e r e  c a u s e d  b y  i m p u r i t i e s  in  t h e  a ir .
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Scientific progress in understanding the relevant environmental factors had scattered and 
sometimes incoherent developments; Cowan (1978) suggests that while heating as a 
subject could be objectively observed, studied, measured by simple thermometers and be 
reduced to rule and formulae; ventilation, for a long time could not come to a point of 
reasonable scientific comprehension.
Evolution in environmental control systems by the turning of this century was such that 
air conditioning did not exist; hot water heating systems were of the gravity circulation 
type (the motive power for circulating the water was the difference in density between 
heated water and cold water), and electric-incandescent lighting had just become available 
(but the initial high cost of electricity and the large heat release of the bulbs made it useful 
only where and when daylight was not available).
For these reasons among others, all work and living areas in buildings required access to 
windows for natural ventilation and illumination. This was, and in many cases still is of 
tremendous importance to architectural design, because the depth of a building was 
critically limited by the extent to which light and air could penetrate.
3. 2. 6 - Environmental issues
After Vitruvius' systematic recommendations to Bioclimatic Design, not many original 
cases are found in the literature. Kerr (1871, p.300) is persistent with environmental 
issues in design. He warns that a house, however unpretending, ought to be placed in a 
well-selected locality generally, on a well-selected site specifically, and with due regard in 
detail to aspect, prospect, approach, soil, salubrity, water, air, light, drainage, and other 
environmental influences. He advises that there ought to be a thorough preparatory 
consideration of how to make the best of everything which nature supplies.
Another early reference to sensible environmental thinking (this time in architectural 
education) is given by Gottfried Semper (in Herrmann 1984, p.5), when teaching at the 
Dresden Academy during the mid-1830s. Semper told his students that the most difficult 
but also the most essential part of architecture was to create a harmonious whole, which 
meant that the architect must take into account the environment which should blend with 
the building as much as possible. Recognising that little attention had been paid in 
Germany to this aspect of architecture. He concluded: "as an art it has been confined to a 
beautiful facade planted there without any attempt at integration."
Through an extended period of time, the most exceptional heating system prior to the 
19th century was the Roman hypocaust (Banham 1969; Cowan 1977b), which was 
introduced more than twenty centuries ago, as described by Vitruvius. Vernacular
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architecture has harmoniously combined the forms of energy available with local 
materials to devise buildings responsive to peoples' attitude to comfort and well-being.
In some countries there was a cultural incentive for the continuance of many servants to 
tend the open fires, mainly in the houses of the affluent families. As it was discussed 
elsewhere (sections 2.4 and 2.5), many writers (eg. Fitch 1961; Banham 1969, and 
Rybczynski 1987) think that as long as many servants were available to light the candles, 
tend to the fireplaces, carry water, and empty the chamber pots, there was not much 
incentive to improve the environmental services of buildings.
It is worth noting that almost all contemporary devices that contribute to the control of 
indoor climate, such as plumbing for running hot and cold water, central heating, electnc 
light and power, and lifts were unavailable a century ago, but they became common and 
well known by the 1920s. These environmental control systems were developed almost 
simultaneously in a positive era of inventiveness, expansion, growth and health that 
followed the Industrial Revolution (section 2.4 discussed the growth in population, in 
industrialisation, in wealth, in services, in urban infrastructure and in energy resources).
In the United States the domestic situation in regard to the availability of human labour 
was fairly different, servants were scarce and most expensive, probably because of this, 
environmental control technologies developed further than any other country. Banham 
(1969, pp.25-26) remarks that in winter, American houses were heated and ventilated by 
quite advanced systems with hot air, supplied to the rooms through ducts operating under 
a slight excess of pressure, because of this pressure there were no draughts. He 
maintains that the development of environmental management by the consumption of 
power in installations, rather than by simple reliance on conservative structures is a 
predominantly American history, at least in its pioneering phases. He explains:
It is a fact - though not an easy one to interpret - that the most vital advances into the regenerative 
mode were made in that area of 'European' architecture that was least devoted to massive construction - 
North America. This may have depended on the simple coincidence that the abundant timber of which 
lightweight American houses were built, also provided abundant fuel for (lie high performance 
Franklin stoves and Rumford fireplaces that heated them, or it may be that there is a more directly 
causal connection, and the skimpy thermal performance of these timber buildings made the invention 
of high-performance, quick-heating stoves environmentally necessary. ...Whatever happened, it is clear 
that...the North Americans had acquired habits and skills in the deployment of regenerative 
environmental aids that were beginning to add up to an alternative tradition.
Rybczynski (1987) argues that not all domestic improvements were concerned with 
saving labour, some, like better heating and ventilation, or brighter illumination, were 
qualitative ameliorations that had nothing to do with servants.
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The originator of the modern physical and mathematical theory of heat conduction was 
Joseph Fourier (1768-1830). Hill and Dewynne (1987, p .l) suggest that Fourier first 
became interested in the subject around 1803, working with the movement of heat 
between a finite number of discrete bodies arranged in a straight line. He then turned his 
attention to the propagation of heat in continuous bodies. His work culminated in 1822 
with the publication of A n a ly tic a l T heory  o f  H ea t. Fourier appreciated the need for 
experimental research and, as Hill and Dewynne remark, few works have contained so 
many original results or initiated so much research in both pure and applied mathematics 
and in physics. This forms the basis of a study of the thermal properties of buildings.
Billington (1952), in the introduction of his book, gives a comprehensive summary of the 
contingent unfolding of the subject of thermal performance:
It is only within comparatively recent years that special attention has been paid to the thermal 
properties of building materials and structures. By diis, we mean conscious attention; for it is 
probable that traditional building practice, in whatever country, has in fact been influenced to some 
degree by the thermal requirements of the inhabitants and by the properties of the available materials.
Billington admits that the first impacts of building science, combined with the need for 
more rapid and cheaper house construction, resulted in an improvement in some 
standards of design, but in a deterioration in the thermal qualities. The introduction of 
new materials brought in a number of additional problems which did not occur in 
traditional forms of construction. He says that this process was followed by a growing 
realisation that many of these problems had arisen because the thermal properties of the 
materials had been neglected.
No longer is it sufficient to construct a building which looks pleasing to the eye, and which protects 
the occupants from wind and rain. It is necessary to consider, i n t e r  a l ia ,  the heating of the building in 
relation to the structure, and to design the structure in relation to the use. The thermal properties of 
the materials and structure enter at all stages of the design and vitally affect the success of the project. 
Neglect of these properties may lead to failures of one sort or another, many of which cannot easily be 
rectified after the building has been completed.
He remarks that one of the building properties which is most prominent to people living 
in temperate countries is the loss of heat which takes place from a building to the outside 
air in winter. This aspect of heat conduction has been since early times instinctively 
recognised as a fundamental property of all materials, and accordingly it is the laws of 
heat conduction which were best known and most widely employed.
The Building Research Establishment - BRE (and its predecessor, the Building Research 
Station - BRS) one of the most important institutions in systematising information in 
building environment, started life in 1921 having as its first role to put science into 
building; investigating how the rules of physics and chemistry apply to the way buildings
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work. The focus, according to Courtney (1993), was on properties of materials and later, 
on thermal performance.
The complexity of and the interactions between the factors influencing human comfort 
inside buildings did not become established until the early years of this century. Before 
then, a key issue such as ventilation was seen exclusively in terms of diluting carbon 
dioxide. Architects used simple rules of thumb for the provision of natural ventilation and 
daylighting. The implications of these rules became evident in nearly all designs of that 
time, both in plan and in section, where the high ceilings allowed better circulation of air 
and deeper penetration of natural light. Generally, transient spaces such as corridors and 
stairtowers were placed in the central areas of commercial buildings where there was 
limited access to light and ventilation. The double-loaded corridor and the central lift core 
were common features of such design approach (Temoey et al. 1985).
Architectural design and construction were, to a large extent, influenced by the unwritten 
principles of Bioclimatic Design (summaries of the role of the climatic environment in 
architecture have been given by Olgyay 1963; Givoni 1969; Rapoport 1969; 
Koemgsberger et al. 1974; Markus and Morns 1980).
Electricity as a new energy source was in a transitional stage early this century, it made 
possible the delivery of the work potential, generated by the steam engine, to distant 
sites, relatively cheaply and without the noise, smoke, size, or other characteristics of the 
steam engine at the generating site. Buildings continued to make use of solid masonry, 
and better heating improved thermal conditions during extreme winters. Electricity 
became plentiful and supplied at a low price (Hennessey 1972). As the utilisation of 
electricity became common and widespread, it acted as a catalyst in the process of 
modernisation of buildings.
Modern architecture replaced the thick walls by thin, lightweight, curtain walls (see 
section 2.5). Steel, glass and aluminium were used to emphasise the lightness of the 
structure and to increase the floor area available for lease. The International Style 
promoted the creation of capsules - sealed glass towers - that completely isolated users 
from the extenor environment. Only after the energy crisis of the 1970s it became evident 
that their internal environment still responded to the energies of the external environment.
The rising cost of fuel (which became serious after the energy crisis) made it important 
for everyone to conserve energy wherever and whenever possible. It remained for 
architects to design buildings so as to ensure that energy was not wasted. The main lines 
of investigation were first initiated in the direction of determining heat losses through
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various kinds of building structure in order to provide working data for the architect, the 
engineer and building manufacturers.
3. 2. 7 - Improving environmental standards
The metabolic rate of the body is a key factor to human comfort. It is affected by age and 
body's mass, and increases with physical activity. The body needs more cooling as the 
metabolic rate increases and less cooling as the rate decreases. Heat losses that are too 
great cause freezing or death; heat gains that are too great can cause stroke or even death.
Human comfort is derived from many physical and psychological factors that produce a 
state of satisfaction or make life easier, and not from thermal comfort alone (Auliciems 
1981). Thermal comfort is the condition which produces minimal activity of the 
thermoregulatory mechanisms of the body. Comfort, rather than being a set standard, 
fluctuates with the factors that produce it.
In 1905 J.S. Haldane established that temperature, humidity and air movement were the 
basic criteria for human comfort. Broad progress has been made recently on the means of 
defining and measuring thermal comfort conditions (eg. Fanger 1972). Research in this 
field was indispensable in order to provide technical support for the determination of the 
efficiency of heating and cooling appliances; an industry and service sector thriving for 
many decades of this century.
Air conditioning had its origins in the fundamental work on thermodynamics originally 
done by Boyle, Carnot and others in the seventeenth and eighteenth centuries, but air 
conditioning as a science applied to the control of indoor environment owes much to the 
ideas and work of Willis H.Carrier done during the first decades of this century in the 
United States.
Bevirt (1991) points out that as early as around the 1880s the Madison Square Theatre in 
New York had a fan-driven heating and ventilating system with provisions for block ice 
at the intakes to cool the air in summer. As much as four tons of ice were used during 
each summer night.
In 1906 Stuart W. Cramer in U.S.A., used individual heads spraying chilled water to 
clean and cool the air, he called this method air conditioning. The more effective method, 
however, was devised in the same year by Carrier, whereby the moisture content was 
controlled by chilling the air. Carrier, with an M.E. degree in electrical engineering, 
began his work with the Buffalo Forge Co.. His research on dew-point control formed 
the basis of airconditioning as it is known and practised today. He learned that rule-of-
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t h u m b  t e c h n i q u e s ,  c o m m o n  p r a c t i c e  a t  t h e  t i m e ,  w e r e  n o t  a d e q u a t e  t o  d e s i g n  w e l l -  
e n g i n e e r e d  h e a t i n g  a n d  v e n t i l a t i n g  s y s t e m s .
H i s  s t u d i e s  s o  i m p r e s s e d  t h e  B u f f a l o  F o r g e  e x e c u t i v e s  t h a t  h e  w a s  a l l o w e d  to  t o r m  th e  
f i r s t  r e s e a r c h  l a b o r a t o r y  in  t h e  h e a t i n g  a n d  v e n t i l a t i n g  i n d u s t r y .  A n  i m p o r t a n t  s t e p p i n g  
s t o n e  in  t h e  p a t h  o f  p r o g r e s s  w h i c h  h a s  l e d  to  m o d e r n  m e t h o d s  o f  a i r  c o n d i t i o n i n g  w a s  
t h e  d e v e l o p m e n t  o f  t h e  p s y c h r o m e t n c  c h a r t ,  b a s e d  o n  t h e  p s y c h r o m e t r i c  t a b l e s  f i r s t  
p u b l i s h e d  b y  J a m e s  G l a i s h e r  in  1 8 4 7 .  B y  th e  u s e  o f  G l a i s h e r ' s  d a t a  a n d  p r o p e r  v a l u e s  t o r  
t h e  s p e c i f i c  h e a t  o f  a i r  a n d  t h e  s p e c i f i c  h e a t  a n d  l a t e n t  h e a t  o f  w a t e r  v a p o u r ,  it  b e c a m e  
p o s s i b l e  to  d e s i g n  a i r  c o n d i t i o n i n g  s y s t e m s .  T h e  n o w  f a m o u s  p s y c h r o m e t n c  c h a r t  ( F ig .  
1 2 )  w a s  d e s i g n e d  b y  C a r r i e r  in  1 9 0 6  a n d  t h e n  b y  M o l l i e r  in  1 9 2 3 ,  a n d  b y  o t h e r s  s i n c e .  It 
h a s  b e e n  o f  e n o r m o u s  a s s i s t a n c e  in  t h e  t h e o r e t i c a l  a n d  p r a c t i c a l  c o n s i d e r a t i o n s  o t  
B i o c l i m a t i c  D e s i g n .
Fig. 12 - The Psychrometnc Chart (Source: Parlour 1990, p. 18)
In  m a n y  p a r t s  o f  E u r o p e  t h e  t r a d i t i o n a l  o p e n  f i r e p l a c e  w a s  s t i l l  i n  u s e  u n t i l  W o r l d  W a r  II, 
a n d  c o m f o r t  c o n d i t i o n s  w e r e  f a r  f r o m  a c c e p t a b l e ,  a s  it c a n  b e  a s c e r t a i n e d  f r o m  t h e  
l i t e r a t u r e  ( e g .  R.l.B.A. Journal , N o v e m b e r ,  1 9 4 6 )  w h e r e  t h e  F u e l  a n d  P o w e r  A d v i s o r y  
C o u n c i l  d e s c r i b e s  t h e  B r i t i s h  h o m e ,  in  c o l d  w e a t h e r  a s  ' t h e  s m a l l e s t  in  t h e  c i v i l i s e d  
w o r l d ' .  A l l  t h e  f u n c t i o n s  o f  f a m i l y  l i f e  w e r e  c o n f i n e d ,  c l a i m e d  t h e  C o u n c i l ,  " t o  a  n a r r o w  
h a l f - c i r c l e  o f  w a r m t h  in  f r o n t  o f  t h e  s i t t i n g - r o o m  f i r e ."
In t h i s  R e p o r t  i t  i s  a l s o  m e n t i o n e d  t h a t  in  1 9 3 8  B r i t i s h  d o m e s t i c  c o n s u m p t i o n  o f  c o a l  
a m o u n t e d  to  o v e r  o n e - t h i r d  o f  t h e  to t a l  c o n s u m p t i o n ,  b u t  in  s p i t e  o f  t h e  e n o r m o u s  a m o u n t  
o f  c o a l  c o n s u m e d  o n  d o m e s t i c  h e a t i n g ,  t h e  r e s u l t a n t  h e a t i n g  s e r v i c e s  h a d  b e e n  v e r y  
i n a d e q u a t e .  M o s t  h o u s e s  h a d  a d e q u a t e  c o o k i n g  f a c i l i t i e s ,  b u t  s p a c e  h e a t i n g  a n d  w a t e r  
h e a t i n g  a r r a n g e m e n t s ,  p a r t i c u l a r l y  in  l o w - c o s t  h o u s e s ,  h a d  l e f t  m u c h  to  b e  d e s i r e d ,  n o t  
o n l y  a s  r e g a r d s  t h e  e f f i c i e n t  a n d  e c o n o m i c a l  u s e  o f  f u e l  b u t  a l s o  a s  r e g a r d s  t h e  c o m f o r t
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and health of the householder. Alfred Egerton's words (in R IB A  Jo u rn a l, 1946: 6) show 
how precarious the applied technology was in domestic heating at that time:
On the Committee... I was helped by ...members of the Fuel Research Station and the Building 
Research Station. The Committee studied the subject of domestic heating from three aspects,... First, 
...some indication of the average requirement for comfort in the home; for instance, what sort of 
temperature is necessary in the various parts of the house, how much ventilation, how much hot water 
and at what temperature. All those things needed close study from many different aspects, including 
the medical aspect. ...The problem of heating is a dual one. On the one hand, we need to improve the 
standard of heating. We need to make use of the whole house, which must be warm enough 
everywhere for its purpose and not chilly and cavernous in the bedrooms. If one member of the family 
wishes to do his or her homework in a room upstairs, that room should be capable of being warm 
enough to prevent him or her getting chilly and perhaps developing a cold.
Some time, perhaps several decades of experimentation often precede the resolution of an 
environmental problem. This is the case around the mid-1950s with reference to the 
technology of air-conditioning, as remarked by Lewis, (1938, p.l 1):
Too little knowledge on the part of some designers has resulted in a few unsatisfactory installations 
and may result in many more. Until recently there was no accepted background for design temperatures 
or humidities. Architects and engineers have been prone to specify apparatus for cooling rather 
definitely and to require of the contractor a blanket operation guarantee which is unfair to all concerned 
and which in some cases unnecessarily increases the cost to the owner.
In spite of the work done by Carrier, Houghten, Yagloglou, Vernon and Warner, among 
others, the T im e-S a ver  S ta n d a rd s  (1946, p.532) presents some late hesitations about the 
effective mastery of air conditioning:
Summer air conditioning in office buildings is still a matter of controversy; scientifically, technically, 
and commercially. Scientifically there exists no set of conclusive physiological standards that can be 
used as a general basis for performance specifications. A start has been made toward establishing such 
standards. Experiments are now being made in an attempt to establish more definite comfort and health 
limits for air velocity, air purity, temperature, and humidity than now exists.
After World War II, the problems of heating and ventilation were not important concerns 
for most architects. As Maule (1947) suggests, the two subjects are inextricably mixed, 
and because of professional unawareness, all sorts of complications can arise and the 
heating arrangements, which may be thoroughly satisfactory on the drawing board, prove 
to be quite inadequate in practice. He also criticises the fact that artificial lighting in 
factories, at that time was a terribly neglected subject.
There were many sorts of reactions against the introduction of the achievements of 
science and technology in the building industry, as reported by Reginald E. Stradling (see 
RIBA J o u rn a l , 1946):
The impact of modem conditions both in its changing demands upon buildings and in the provision of 
new types of facilities for building, uncatered for in the traditional development of the industry, has
239
CHAPTER 3 - SECTION 3 2
brought about considerable confusion and irritation. Recendy cries have even been heard which relied 
this in the extreme form of an appeal to slow up (sic!) research because certain portions of the industry 
cannot keep pace. Such an appeal seems to me a counsel of despair, for the true requirement is a 
speeding up of the collection of information and an intensive drive to get this knowledge incorporated 
in practice.
Another factor which may have prejudiced advances in building was the framework of 
relevant regulations. This is made clear by Fitzmaurice (1941):
In recent years there have been revisions of regulations leading to more scientific approach, but 
broadly speaking the regulations are still framed in such a way as to have the effect of impeding the 
adoption of new and well considered ideas, and tend to stereotype conventional forms. Ideally, the 
regulations should state the purpose aimed at rather than the means by which they must be satisfied. 
...it would be misleading to suggest that all die requirements of building can now be stated in precise 
scientific terms. Until this is possible and regulations amended accordingly the way is barred to any 
rapid technological advance. ...The application of science has promoted efficiency in odier industries, 
and it would indeed be surprising if it did not produce similar results in building.
For the last hundred years or so, architectural evolution (in commercial, institutional 
buildings as well as in some low and high-rise residential buildings) had greatly advanced 
generally. During this time the development of building services - lighting, indoor 
plumbing, heating and air conditioning were significant. In fact, so impressive that some 
designers have refused to consider the natural environment as a design factor.
Indeed, in order to emphasise the ability to control, or as an attempt to ensure maximum 
satisfaction of physiological needs, buildings were disconnected from the energies of the 
climate. As Cowan (1977b, p. 106) indicates, since the technology of air conditioning 
was mastered, it has always been tempting to use it in all buildings. The only restriction 
to implementation has been cost and it has been rare, until very recently at least, to 
question whether and when air conditioning is necessary.
3. 2. 8 - G enerating  bioclimatic data*
From the perspective of human comfort and energy use, the climate of a place can have 
positive and negative consequences. Generally, the purpose of Bioclimatic Design is to 
provide protection from the negative factors and take advantage of the positive ones in 
order to meet the comfort requirements of the users of a building.
There were crude attempts at measuring rainfall about 2 000 years ago. In the seventeenth 
century and later, observations of temperature and pressure were made by people for their 
own purposes, but the study of the weather long remained a branch of physical science
* Bioclimatic data is die climatic data which is relevant for life.
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cultivated by farmers and a few keen amateurs to satisfy their own interest. Despite the 
profound effects (not only of extremes but also normal day-to-day changes) that weather 
have upon people and buildings, it is only relatively recently that systematic observations 
and record of the behaviour of the atmosphere have been carried out.
In the late nineteenth - and early twentieth century, regular documentation of climate was 
carried out for agricultural and forestry purposes (still the only source of climatic data for 
many parts of the globe). However, it was appreciated that local studies of the climate by 
isolated observers were insufficient to the understanding of the weather. The first moves 
toward an international approach were made in 1853, when a meeting of maritime nations 
drew up a program of weather observation over the oceans to achieve greater safety at 
sea. Almost three decades later the directors of the national weather services established 
the International Meteorological Organisation (IMO) whose aim was the orderly 
observation of the weather.
This cooperative endeavour developed steadily, and after World War II the IMO was 
reconstituted as the World Meteorological Organisation (WMO). The WMO exists to 
further the application of meteorology to aviation, shipping, agriculture, planning, 
architecture, and many other human activities. Since the end of 1951 the United Nations 
recognised the WMO as a specialised agency.
For the early decades of this century, the American Society of Heating and Ventilating 
Engineers (ASHVE) had been conducting laboratory tests on aspects of physiological 
comfort in Canada, Pittsburgh and Texas to supplement basic information already 
compiled. Major studies have also been carried out at the Kansas State University under 
the sponsorship of this society, later named ASHRAE.
Eminent scientists were studying this subject, such as, C.E.A. Winslow at Yale and C.P. 
Yaglou (originally Yagloglou) at the Harvard University School of Public Health. In 
addition, a Committee on Air Conditioning of the American Medical Association, chaired 
by Carey P. McCloud of the Detroit City Bureau of Hygiene, was studying various 
aspects of the problem.
In England the Building Research Station at Watford and the National Physical 
Laboratory at Teddington were constantly investigating scientific problems vital to the 
building industry, while the Medical Research Council and Industrial Health Research 
Board were dealing with the physiological study of heating and ventilation.
Because the findings were not available to architects in that period, they had not many 
choices, but to exercise their judgement and adjust the experience and recommendations
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of others to the set of conditions peculiar to a specific locality and building problems. To 
provide an outline basis, there were commonly accepted limits of temperature, relative 
humidity and air motion that would reflect variation of opinion and practice.
The ASHVE ‘Comfort Chart’ of 1932, for example, suggests a range of air temperatures 
and humidities based on laboratory experiments. Though it may have served as a basis 
for adjustment to local conditions, it took no account of significant factors such as 
prevailing conditions of outdoor air and the varied effects of temperature changes upon 
people.
Regarding practical limits of air velocity, a variety of opinion existed at that time. As with 
temperature and relative humidity, air motion has varying effects on people. Few of these 
effects have been sufficiently researched so far as to provide a scientific basis for setting 
velocity limits for commonly encountered conditions. Odour tolerances were by no 
means standardised and for office buildings they were regarded as relatively unimportant 
if other functions of summer air conditioning operated satisfactorily.
The concept of effective temperature resulted from the investigations by F.C. Houghten 
and C.P. Yagloglou in Pittsburgh, in 1922. A group of people were asked what 
conditions of temperature, humidity and air movement gave the same sensation of thermal 
comfort or discomfort while they were engaged in light physical work. These findings 
were plotted as 'equal comfort lines' on the psychrometric chart and were included in the 
Handbook of the ASHVE as the criterion of design for thermal comfort until the late 
1950s. It was later replaced by a series of charts devised by P.O. Fanger, in Denmark, 
who also worked at the ASHRAE (former ASHVE) research laboratories. Fanger's 
charts take account also of radiation and of the amount of clothing worn.
Between 1949 - 1951, the A.I.A.(American Institute of Architects) in collaboration with 
H ouse  B ea u tifu l M a g a zin e  issued for the first time a series of climatological charts and 
paralleling design data for various areas of the United States. Subsequently they were 
published as B u lle tin s  o f  the A .I.A . under the editorial leadership of James M. Fitch. 
This project was officially designated 'The House Beautiful Climate Control Project.' It 
was based on hourly readings, beginning in 1935, of wet and dry bulb temperatures and 
wind velocities which became available at 110 weather bureau stations.
The ASHVE through its Committee on Weather Design Conditions had been concerned 
with the interpretation of this data for use in the construction field; the climatic data of a 
dozen areas of the United States were detailed with corresponding design 
recommendations. At the same time, House Beautiful ran articles in popular magazine 
format, promoting features such as window shading and white reflective roofs for hot 
climates, and earth-sheltering and solar orientation for cool climates. It is worth
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mentioning the project's introduction (A.I.A. Department of Education and Research, 
1949, pp. 15-16):
architecture as shelter has always been basically and approximately functional, and while there has 
been a greatly increased emphasis upon various functional considerations in recent decades, the term 
f u n c t i o n a l  has been misused and has become, in the hands of many designers, a catch phrase and a 
selling argument for their particular brand of design which in many cases, is no more functional than 
some of the eclectic work of the preceding generation. Many of the owners and occupants of so-called 
functional houses are discovering that they have been sold another 'style' which consists of a new 
vocabulary of cliches which the designer has disposed in an arbitrary fashion for visual effect, a 
procedure little different from some of the much maligned eclectic practices.
This was a landmark initiative and a serious precursor in Bioclimatic Design. The 
valuable climatic information then provided was made available to the architectural 
profession, to consulting engineers and the building industry with the view that designers 
wishing to design dwellings and other buildings in a thoroughly functional manner, to 
meet regional conditions, would have the most accurate and reliable data available 
regarding the conditions for which they were designing.
The work was carried out by a multidisciplinary team including an anthropologist, micro­
climatologist, medical geographer, physiologist, architect, economist, etc., headed by the 
chief climatologist Paul Siple. They presumed that this comprehensive climatological data 
and its design implications would dispose finally and effectively of the fallacy of an 
'International Style' or even of a 'national style'.
They made clear that the climatological data provided would not make the architect's job 
easier or relieve him of any professional responsibilities. The opposite was true, 
especially with reference to the detailed consideration and specific requirements of all 
climatic, topographic and landscape factors of each individual site. They also foresaw the 
need of an integrated design:
In order that this valuable design data may be more fully utilised to the benefit of the owner or 
occupant, early and complete collaboration between architect, consulting engineers and landscape 
architect will be necessary. Design for comfortable living, ie., maximum possible modification or 
utilisation of the climate, begins with selection of the site and includes design for the entire site, not 
merely the house as a structure. Design for climate, with collaboration of the landscape architect, can 
turn marginal weather into good, lengthen the hours and season of outdoor living in any locality, and 
ensure maximum usefulness of the site for 12 months of the year. With this reliable data the architect 
can design not only against the climate, but with the climate and site.
They also recognised that in addition to appearance and livability, a building should be 
compatible with the environment. And the architect must endeavour to satisfy diverse 
requirements, such as personal tastes, local convention, social pattern, size of family,
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accessibility, and above all, the limitations of budget in addition to achieving scientific 
control of the environment.
The influences of the weather elements upon all biological phenomena became the 
province of biometeorology. Within this broad field, meteorologists and physiologists 
have studied many responses of the human body to atmospheric characteristics. The life, 
health and comfort of people, as well as of most of the world's animal life were regarded 
to be heavily dependent on the ranges of values of temperature, humidity, wind speed, 
radiation, pressure and aerosol content in the atmosphere. At their extremes, with the one 
exception of humidity, all are capable of causing death, and the combined effect of less 
extreme values can often be detrimental to health and comfort.
Many attempts have been made to define the climatic condition that arc limiting for men 
engaged in various activities (comprehensive reviews were written by McPherson 1962a; 
Lim 1983; and Szokolay 1985). The most common method was to derive empirical 
relationships between human activity and certain environmental variables, such as dry 
bulb temperature, wind speed, relative humidity, etc. Although some of these indices 
have been modified by the addition of physiological parameters, such as metabolic rate, 
the simple relationship between the environmental factors and human activity is still a 
very useful guide in architectural design.
Late research on Bioclimatic Design has been basically centred around gathering and 
interpretation of climatic data. All the scientific investigations have provided accurate 
information necessary to the design of modern buildings and installations. This has 
resulted in the building industry itself becoming more research-minded.
What has then become evident, is the fact that architectural design should be in sympathy 
with the energies of the environment. People gradually realised that architecture should 
not compete against the climate, rather, it should go along with it. As a result, objective, 
systematic investigations expanded to resolve the scientific demands of the architect.
Worldwide, government agencies started fostering research, to name some: the Division 
of Building Research, National Research Council, Ottawa, Canada; the Building 
Research Station, Garston, in England; the Department of Works and Housing, 
Commonwealth Experimental Building Station, Sydney; CSIRO (Commonwealth 
Scientific and Industrial Research Organisation) Division of Building Research, 
Melbourne, Australia; the Centre National de la Recherche Scientifique, Paris, France; 
Instituto de Pesquisas Tecnologicas - IPT, Sao Paulo, Brazil; the Division of Engineering 
and Industrial Research of the National Research Council, Washington, USA; the 
National Buildings Research Institute, Pretoria, South Africa, among many others.
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This huge network of facilities, information and investment in building research is an 
indication of a mature conviction on the part of architects, engineers, manufacturers, 
governments and the public in general to provide living and working conditions in 
buildings conducive to human health, comfort and well-being. It was this motive that has 
sponsored the increased attention to a reasoned and scientific perception of the demands 
of buildings in respect of thermal, aural and visual comfort, and to the interest of how 
these can be best practically and economically obtained.
The environment significantly influences health and well-being and sets a foundation on 
which to establish human comfort; the ideal conditions for a person to perform at optimal 
level, with full physical and psychological fitness. The actual demands on architectural 
design to conform to definite standards of science, hygiene and comfort have marked a 
process of change, and architects can no longer ignore efficient and up-to-date 
environmental technologies as an essential part of their design.
It is clear that the energies of the climate have a great deal of significance for the design 
process. In-depth analysis is highly time consuming and requires much climatic data; 
because the data is not always available, and considering all of the other relevant factors 
that need to be accounted for, Bioclimatic Design analysis often tends to be 
underemphasised. To alleviate this problem and to take some of the guesswork out of the 
interpretation, Mahoney (1971) developed a methodology* for warm climates that can be 
used to analyse the basic climatic variables.
Human comfort is probably the most subjective, least easily definable, aspect of 
Bioclimatic Design to consider. Just as climatic zones and potential for passive systems 
vary, so do comfort standards. A great deal about building performance has been learnt in 
different environments through the recent research and experience done in several 
countries and climates. This allowed significant advancements on the scientific and 
technical aspects of the architectural profession.
Natural and artificial lighting have been guided by recommendations and criteria issued 
internationally as well as nationally, in some countries. The international leading 
institution in this matter, the CIE ( C o m m is io n  In te r n a tio n a l  de  I 'E c la ir a g e ) has 
systematically promoted and organised technical committees to study the relationship 
between light and visual performance, glare, colour, measurement techniques, design 
tools, calculation methods, etc..
The Mahoney tables provide a guide to design in relation to climate using available climatic data. By 
following a step by step procedure the designer is led from the climatic data to specifications for optimal 
layout, orientation, shape and structure needed at the sketch design stage.
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These recommendations have been based on research carried out over quite a long period. 
After the energy crisis of the 1970s studies advanced the use of daylighting as a passive 
technique of solar energy utilisation in domestic and commercial buildings. The work of 
Hopkinson (Hopkinson 1963; and Hopkinson, Petherbridge and Longmore 1966) has 
been essential to the far-reaching attainments of research on natural lighting.
The influence of careful planning to accommodate nature and its energy manifestations is 
a major step forward for architecture. It clearly confronts the traditional Beaux-Arts 
methods of design in which the functional requirements of buildings were usually 
compelled to comply with a layout conceived in terms of a predetermined architectural 
style or configuration.
The gradual introduction of scientific thinking in modern architecture, as an authentic 
basis of design, has created now a few generations of architects who have been trained in 
this mode of thought. In this way, contemporary architecture, with a reasonable degree of 
functional, material and technological adaptation, came forth with a methodology which 
had enough flexibility to adapt itself to the conditions of different places, cultures and 
climates endorsed by new techniques to do so. The time for re-evaluating basic design 
criteria has come.
But knowledge of Bioclimatic Design is complicated by the rapid rate of technological 
and scientific development that quickly makes the training of architects, design data, and 
scientific techniques obsolete. This characteristic has become more pronounced in recent 
years as the compounding effects of limited energy for buildings, increasing building- 
equipment costs, and installation and maintenance costs have combined to introduce 
critical changes in both criteria for building environmental performance and in the 
selection of materials and equipment.
It is important to realise that the real differentiation which makes current architecture 
distinct is not just the simple substitution of one set of architectural fashion for another. It 
actually lies in the introduction of scientific methods of functional, thermal and structural 
analysis and in the acceptance of an ultimate form which may be derived from the 
analytical process.
3. 2. 9 - Tropical Architecture
Considerations were made (in section 2.5) about modem architecture and its contribution 
to the advancement of Bioclimatic Design. Among its remarkable achievements is the 
wide range of architectural expressions and the introduction of a certain degree of
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adaptability in the vocabulary of architecture, including the notion of tropical architecture. 
It abolished the rigours of the old canonic styles and their stylistic limitations.
Probably, the notion of tropical architecture may have had its origin with the settlement of 
European conquerors in the colonies, following their voyages of discovery in the process 
of colonisation of the African, Australasian and American continents. Since then, the idea 
was repeatedly suggested that the indigenous people of the tropics were the only ones 
who could live and work in a hot climate without stressing their bodies and their minds.
In the tropics people have a very different relationship to buildings; minimal protection is 
required from the climatic conditions. People spend most of the time outdoors or semi­
outdoors, and their buildings have traditionally reflected this relaxed lifestyle. Mostly, 
tropical people do not like to being shut indoors but live around the houses as much as 
inside them.
The early European pioneers’ attitudes to lifestyle, their perception and the degree to 
which they were prepared to adapt themselves to the new tropical environment were very 
limited both in cultural and technological terms. If one examines the effect of cold 
climates on architecture, one will conclude that, generally they have produced a sort of 
closed box design. History shows that the colonisers brought their building traditions, 
only the subsequent generations have changed sufficiently to accept and to accommodate 
to the new, warmer environment (Fry and Drew 1956; Mindlin, 1956).
Geographically, the tropics correspond to the parallels Latitude 23°27' north and south of 
the Equator, the limits of overhead position of the sun. According to Oakley (1970, 
p.56), the concept of ‘Tropical Architecture’ served a useful role to identify and 
characterise a field of building activity. It directed attention to a particular bundle of 
design problems that required the development of distinctive problem-solving attitudes. 
He observes that the field has now become far too complex for the theme of tropical 
design to do any more now than point the way to this particular group of problems. It 
helps no more in defining their character. The tropics have been transformed in a world 
of change and development and this change has brought with it an awareness of new 
dimensions in the building task. It has drawn the focus back to the basic problem of 
designing for community and individual rather than for 'the tropics'.
It was only some centuries after colonial occupation that scientific research on human 
behaviour, comfort and physiology, effectively considered the issue of acclimatisation. 
The rich mixture of races that now occupy the tropics have appropriately adjusted the 
food, clothing, work habits and lifestyle to the land and to the energies of climate.
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Studies of tropical architecture made architects realise that there were fundamental 
differences between buildings other than style. European architects working in the tropics 
were confronted with complete disparate requirements concerning thermal control 
strategies and tools. They were well-versed in employing heat input principles, but not in 
its exclusion; they were familiar with enclosed, almost sealed architecture while the need 
in the tropics was for open, cross-ventilated buildings.
It is essential to understand the traditional architecture of the tropics; its envelope is 
diffuse and dissolved, the indoor and outdoor spaces merge into one another, there is a 
great deal of continuity between the two. The pattern of use is determined largely by the 
climate or the seasons, and not by the activities within them. It is architecture of 
horizontal planes - roofs, floors and platforms, open colonnades, verandahs, pergolas 
and courtyards.
The European rule and control in most parts of the tropical world also resulted in some 
modification in the comfort criteria. In order to cope with their own cultural standards of 
food, clothing and building, it became necessary to introduce some features (like the air 
conditioning) to modify the indoor environment.
Many architects have looked to vernacular architecture in the tropics as a source for new 
ideas, traditional buildings were studied and some solutions were found to be 
appropriate, or else air conditioning could provide an answer. It should be born in mind 
that traditional tropical building solutions arc not all nor always 'bioclimatically' correct.
3. 2. 10 - The B r i s e - s o l e i l
Since solar radiation plays an essential part, as far as the thermal and visual aspects are 
concerned, architects in the tropics have realised that they cannot afford to ignore the sun 
or allow its rays to fall fortuitously on buildings. Even when the climate is not hard, as in 
case ot some coastal or mountainous regions, the need of creating good internal 
environmental conditions arises.
In many tropical parts of the world protection from the sun is very important. People 
protect themselves as much as they can (hats, sunshades, under the trees, etc.) but 
ctfectivc measures arc most needed for their buildings. The designer's problem in those 
cases is to decide when and to what extent sunlight penetration is acceptable and when it 
should be excluded. A primary concern in building is to provide a reliable roof as shelter 
and protection against torrential rains or excessive solar heat. The African hut has the roof
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as the dominant and most essential feature of the dwelling, and its construction receives 
the first and most careful attention. (Fig. 13)
Fig. 13 - The African hut {Source: 
Rudofsky 1965, p. 139)
Sun shades have been used widely in many parts of the world. The verandah, which first 
appeared in India, achieved universality because the roof overhang supported on columns 
provided sunshading for the building structure with great versatility (Drew 1992). Other 
ancient example is the roof overhangs shading the windows in Muslim architecture. 
These elements represent architectural compromises, environmental regulators or spatial 
filters between the building and the diffuse external natural energy sources.
As Collins (1967, p. 137) mentions, William Pickett proposed, around mid-eighteenth 
century, the use of pierced metal screen, suspended a short distance in front of the 
facades of buildings in a manner which sounds very much like the currently fashionable 
metal b r ise -so le il. Pickett thought that these elements, in addition to being ornamental 
would cast shadows on to the external walls to which they were attached. He wrote: “the 
utility it is intended to serve is that of a sun-shade, it being an external appendage to 
heads of windows exposed to strong light and sunshine....It is eminently calculated to 
check the force of the sun’s rays, without excluding the light during dull weather.”
But the sunshine and shading problems in tropical architecture did not have the scientific 
foundation they demanded. One of the reasons for this, to a large extent, was the lack of 
simple tools for readily determining in the design stages, what areas of buildings would 
be exposed to, or shaded from, direct sunlight at any time of the day and any season of 
the year. Information available on the subject had not proved adequate for most designers 
to give it the degree of resolution it required.
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Much information on the determination of the azimuth and altitude angles of the sun had 
often appeared in the literature. Only later this type of information had been carefully 
arranged in the forms of tables, diagrams or graphs for easy reference. The equations for 
the movement of the sun can be expressed in terms of spherical trigonometry with the 
data for the position of the sun varying with latitude, the time of the day, and the time of 
the year. The calculations were somewhat laborious by slide rule and sun-machines were 
developed for this reason. This has been regarded very useful for its direct application in 
the analysis of designs without spending a great deal of time.
It was the work of Phillips (1951, published earlier in D u p lic a te d  D o c u m en t N. 3 3 , 
Commonwealth Experimental Building Station, Sydney, 1948) in Australia which 
brought about a long lasting tool to overcome the otherwise detailed calculations and 
procedures too elaborate for use in day-to-day designing. He devised the stereographic 
solar charts, as plan diagrams of the sun's path patterns for different latitudes, along with 
the 'shadow-angle' protractor. These enabled designers to read off both the horizontal 
and vertical shadow-angles for any orientation to an accuracy sufficient for most practical 
purposes with the advantages of working directly with the usual drawings of a building 
in plan, section or elevation.
"In planning for sun control," Richards (1951, p.252) warns,
careful thought must, in addition be given to sucb aspects as protection of openings against other 
weather elements; initial and maintenance costs of control devices; exterior appearance; minimum of 
noise penetration through openings; arrangements for privacy if required; non-obstruction of the view 
from within; accessibility for the cleaning and maintenance of windows and sun control devices, lo 
mention only the more important ones. ...designers should face the fact that planning for shade and 
sunlight control is seldom a simple matter or one easy of solution, but a problem requiring careful and 
considered judgement to find the most satisfactory working compromise.
Summer is hot in most parts of the United States and roof overhangs have been carefully 
designed by many American architects. Most notable are the 'prairie' houses built by 
Frank Lloyd W right in and around Chicago between 1889 and 1910. Richards (1951) 
points out that some American architects have claimed that permanent external shading 
devices, scientifically designed, were an economic feature in that they effected a 
substantial reduction in cooling loads, which often resulted in worth-while savings in 
initial and operating costs of air conditioning plant.
He emphasises that even where the cost of providing shade did appear to be relatively 
high, it was still claimed that the use of sun-control projections could be justified because 
they made enough difference to comfort conditions to be of real significance.
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A more recent worldwide architectural development is the use of large external surfaces 
of glass in many types of buildings. There is no doubt of the desirability of complete 
visual link between the interior and the surroundings, or of the lively feeling associated 
with the sense of openness and freedom that is engendered by large glass areas; but 
extensive glazing must necessarily call for rational techniques of radiation restraint.
Conventional glass is transparent to the sun's shortwave radiant heat, allowing it to pass 
through into a room, but it works as an obstruction to the longwave heat after it has been 
absorbed by furniture and surfaces within the room. In order to reduce this problem, 
recent research and development have brought about special glasses, such as heat 
absorbing and heat reflective glass, photochromatic, as well as switchable glass.
It often happens that the problem and gravity of direct sunlight in architecture is only 
fully realised after the building is completed, and the means of sun control is left to 
ineffective devices on the inside of windows, such as curtains, potent airconditioners and 
Venetian blinds.
One of the few documented cases was the Cite de Refuge, a hostel for the Salvation 
Army in Paris, designed by Le Corbusier in 1933, built with the aim of giving its 600 
inhabitants the 'full light of the sun'. The building was agreeably warm during the 
winter, but dramatically much too hot in the summer. Corbusier (1964, pp .103-113) 
himself realised that: "... Ventree catastrophique du soleil" needed to be combated, and 
the southern facade had to be since fitted with sunshades. His solar studies remained 
simple - consisting of a few sketches or notes of solar altitude in mid-winter or mid­
summer on a particular orientation at noon, or the notion of the 'axe heliothermique 
explored in his plans for Nemours.
Le Corbusier through a critical re-examination of traditional architecture in North Africa 
tried something for his projects in Algiers in the 1930s; his famous brises-soleil loggias 
are said to be the concrete version of the Moroccan brick claustras and the Arab 
mashrabyas. Banham (1969, p. 158) considers that, however desperate its motivation, the 
brise-soleil is one of Le Corbusier's most masterly inventions, one of the few last 
structural, passive innovations in the field of environmental management.
The CIAM (International Congress of Modem Architecture) Congress of 1933 in Athens 
reaffirmed Le Corbusier's principle that the materials of town planning were: the sun, the 
space, the vegetation, steel and concrete, in that precise order and hierarchy. This in itself 
is a description of how tangible and essential was the notion of energy to modern 
architects.
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By 1936 Le Corbusier advised the use of adjustable sunshades built integrally with the 
building (brise-soleil) to Oscar Niemeyer and his associates for the National Education 
and Public Health Building in Rio de Janeiro. This building was completed in 1937 and 
became famous internationally during the late 1940s and early 1950s (Fig. 14). Its 
shading devices acted like a fashion which for a quarter of a century were plastered on 
buildings in a variety of climates, irrespective of orientation, latitude or shading principles 
(Mindlin, 1956).
Fig. 14 - The building of the Ministry of 
Education in Rio de Janeiro, the first application 
of sunshades built integrally within the building 
structure (Source Mindlin 1956, p. 197).
The use of external sunbreaks became no longer confined to houses, shops or factories, 
as in the past. There was a trend in architecture towards their application on a much more 
elaborate and extensive scale. They became a common feature of large buildings in the 
hot climates of Brazil, Mexico, many parts of Africa, Australia, United States and Israel.
Mindlin (1956, p.10) asserts that one major factor that have contributed to the formation 
of present-day Brazilian architecture has been research into the functions of sunlight.
In Sao Paulo, where the problem very often is to get all the sunlight possible rather than, as in Rio de 
Janeiro, to avoid it. Alexandre Albuquerque, ...published the first relevant scientific study of the 
subject in 1916. Developing earlier studies of Lucio Martins Rodrigues at the Polytechnic School of 
Sao Paulo, he established a scientific basis for the orientation and sunlighting of buildings. As a 
result o f his work, the building code of Sao Paulo was the first in the world to put into effect die 
recommendations of the First International Congress for the Sanitation of the Dwelling, held in Paris, 
1904, and to set up mathematical rules for obtaining the required amount of sunlight in all buildings.
Later, in Rio de Janeiro, Paulo Sa, Attilio Correa Lima, Herminio de Andrade e Silva, 
and others went on independently with similar studies under the leadership of Paulo Sa. 
A body of doctrine was formulated, based on thorough experimental research, covering 
aspects of the sunlight problem in buildings, and those of heat, glare, shade, and so on.
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Another important factor in Brazilian modern architecture, as Mindlin (1956) states, has 
been the development of an advanced technique for the use of reinforced concrete, 
resulting not only in light and elegant structures but in appreciable economy in 
comparison with building costs in other countries. These two factors correspond directly 
to the two most conspicuous features of modern architecture in Brazil: the use of large 
surfaces of glass, protected when necessary by the brise-soleil, and the use of the free 
structure, standing on pilotis, with the ground floor open when possible. And both of 
these features show the marked influence of Le Corbusier.
Impressive studies in Bioclimatic Design developed after the 1950s, essentially out of the 
need to design buildings for hot climates in the tropical countries, some still in their late 
colonial periods. Well-known texts in this subject were Aronin (Climate & architecture., 
1953); Givoni {Man, climate and architecture, 1969) and Koenigsberger et al., {Manual, 
of tropical housing and building - part 1: Climatic Design, 1974). Together with the 
Olgyay brothers, these authors promoted proficiency and interest in Bioclimatic Design.
3. 2. 11 - Environmental control systems
Bioclimatic Design applications, such as passive solar schemes, are to be found in 
England in the last century by greenhouse designers (Hix 1974). They used climatic 
observations for an unusual series of greenhouse structures that were designed with 
principles of solar heating, thermal storage, sun-shading and underfloor (embedded coil) 
heating. Similar elements of passive solar heating were to be promoted more than a 
century later.
Until the beginning of this century, the subject of human comfort has been an 
inconspicuous one, experiencing only moderate evolution. Its evolution became more 
accentuated after the arrival of electricity, providing clean artificial lighting through the 
incandescent lamp, air conditioning and the subsequent complex and potent electro­
mechanical devices.
Electricity became an essential building service since the beginning of this century. 
According to Cowan (1977b, p. 129) it was the supply of electricity that has perhaps, 
made the single most important contribution to the environmental design of modern 
buildings. "The ease with which electricity can be supplied through cables in small ducts, 
without concern for sharp corners or loss of gravity head, and the precise controls made 
possible through its use, have largely contributed to the present freedom of interior 
planning and the high quality of the building services."
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With the potential of a clean, silent, readily available energy in buildings, came the ideal 
and the pursuit of a 'perfect' interior environment. The increasing availability ol 
electricity provided a more efficient source of heat, a brighter and cleaner source of light 
and an effective powering device - the electric motor by Nikola Tesla. Cowan (1977a and 
1977b) remarks that the quality of the architecture came to be judged by the unobtrusive 
perfection of its interior environment. Because most of the environmental services 
required electricity, the increase in the use of electric power by buildings was large and 
this was generally accepted as a desirable improvement in environmental standards.
During the 1930s, in designs of their own homes, renown masters of modern 
architecture, Walter Gropius in Lincoln MA. and Marcel Breuer in New Canaan, CT.. 
both applied climatic analysis as major design determinants. Frank Lloyd Wright in his 
Usonian House designs in Wisconsin and simultaneously in his design of Taliesin West 
in Arizona, all executed in the late 1930s, ingeniously and appropriately applied climatic 
design elements to diverse and contrasting climates, giving ample testimony that climatic 
design principles underlie a mastery of architecture, regardless of style (Watson 1989).
Based on their study of high performance vernacular buildings designed for extreme 
climatic conditions and usually with meager resources, Fitch and Branch (1960) suggest 
that some American designers tend to ignore the physical environment and overestimate 
their technical competence, often producing buildings with very poor performance.
Temoey et al. (1985, p. 13) suggest that solutions may be categorised along a range of 
possibilities between two opposite approaches in architectural design, defined as the 
climate-rejecting building and the climate-adapted building. Although both extremes use 
form and envelope as elements of environmental control, these elements are used in 
opposite ways:
In a climate-adapted building, positive and negative influences of climate are selectively filtered and 
balanced at the building boundary to provide internal environmental control. External climatic energy 
sources are filtered and distributed to occupied space, via the envelope, for end uses such as lighting, 
cooling, heating, and ventilation. These environmental-control techniques are based on age-old 
architectural and engineering concepts.
They indicate that at the other end, the climate-rejecting building, the standard 
environmental-control solution type of the last 30 years, uses form and envelope to 
dimmish climate-imposed loads. In this type of building environmental-control strategies 
arc handled from within by equipment such as electric lighting and heating, ventilation, 
and air-conditioning (HVAC) systems, and the ceiling-surface is generally treated as a 
multi-purpose membrane of concealed power. Form and envelope serve solely as barriers 
between climate and conditioned space for environmental-control purposes.
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Air-conditioning systems with both temperature and humidity control were fully 
developed in the United States during the 1920s, the technological progress since then 
transformed air conditioning from an expensive amenity to a widely used service. 
Worldwide, most of the commercial and public buildings built in the last decades have 
been air-conditioned.
The fluorescent light, a more efficient and cooler alternative to incandescent light, became 
commercially available in the late 1930s and popular in the post-war years. They were 
used extensively for lighting offices and factories, because their electricity consumption 
for the same level of illumination was only about a quarter of that of incandescent lamps, 
this compensated for the higher initial cost. In many buildings the length of the standard 
fluorescent tube became the module for the design of the ceiling, and even of the whole 
building. With this cooler light source lighting levels increased greatly.
These technological advances were not immediately conveyed to commercial and 
institutional buildings with total internal environmental control. Narrow buildings using 
daylight and natural ventilation were common until after the World War II. Around the 
1950s increased equipment reliability, reduced initial equipment cost, and the low price of 
electricity allowed the mechanically controlled building design approach to become the 
standard solution.
Since then, architects have progressively relied on the mechanical equipment to control 
light, humidity, the removal of surplus heat and the supply of fresh air within buildings. 
With the successive improvement in environmental systems by electro-mechanical means, 
there followed a significant change in building forms, shapes and volumes.
Watson (1989) says that the Equitable Savings and Loan building, Portland OR., 1948 
by Pietro Belluschi was the first fully sealed and fully airconditioned office building in 
the U.S.. In 1952 the Lever House by Gordon Bunschaft (of SOM) was the first modem 
fully curtain-walled skyscraper in New York City to use the newly developed heat 
absorbing tinted glass as a means to reduce excessive solar gain. Shortly thereafter, the 
same glass was specified for the United Nations Building, instead of the sun-shades 
proposed by the architectural consultants Le Corbusier and Oscar Niemeyer, which was 
inefficient and not selective, as shading devices would have been.
The traditional bioclimatically-responsive buildings required massive structures and 
narrow and long forms that were punctured to allow natural energy to be scattered 
throughout the interiors. Bounded by the limits of the penetration of the environmental 
elements (light, heat, and fresh air), architectural form was narrow and extended, and 
envelope was regularly punctured or opened. To correlate all internal spaces to external
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openings, it required a specific relationship between surface, volume, and form. This 
relationship typifies a high surface-to-volume ratio building.
Opposingly, a hermetically sealed, mechanically controlled building requires a tight, 
compact architectural form with limited exposed exterior surface area. The glass tower 
buildings with internally distributed systems are conceived with their form reduced 
toward a cube (low surface-to-volume ratio buildings) and their envelope often sealed and 
insulated.
Here, it should be observed that people got practically absolute control over energy- 
powered environmental systems but only relative and moderating control over passive, 
traditional systems. This may explain why the glass tower approach, rather than the 
bioclimatically-responsive buildings established the character of glass-faced modern 
buildings predominant for some decades and still influential worldwide.
The potential to have full control and tune the interior environment by air conditioning 
and artificial lighting made architects think that it was sufficient to transfer the 
environmental design of buildings to consulting engineers, who could discharge as much 
energy (in the form of air conditioning and artificial lighting) as might be necessary to 
achieve an acceptable interior environment.
The efforts to improve the environmental quality of a building have been considered to be 
an engineering problem, rather than one of basic design directions. The characteristic of a 
good environmental design became the failure of the building users to notice anything 
disagreeable or uncomfortable.
Traditional and vernacular buildings have worked as moderators of climatic changes, they 
do not eliminate them altogether, whereas active environmental engineering systems are 
generally designed to create substantially constant environmental conditions. It has been 
therefore necessary to know what the performance target should be, and a great deal of 
research has been done to find the ‘optimum1 environmental conditions.
Because of the dynamic nature and complexity of human beings, and the need of physical 
stimulation, people, when exposed to uncomfortable conditions, often like to shift 
position, to open a window, to feel a breeze of fresh air, to keep up changes of lighting 
and mood, etc.. Much of the work done during the last half-century has merely served to 
confirm the obvious proposition that an optimum, constant condition is unlikely ever to 
be the ultimate model. It represents rather the manufacturer and the engineer’s need to 
have an impersonal and reliable performance specification.
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Humphreys (1992) proposes that there is no need for uniformity of indoor temperatures 
world wide. He points out that by adopting indoor design temperatures suitable to 
prevailing climate and seasons significant savings in energy consumption can be made.
Stevens (1988), commenting on the work of Cooper (1982a and 1982b) suggests that the 
perfect interior environment has become a commodity marketed by the design 
professions, instead of a goal towards which users can strive using the means placed at 
their disposal by designers. Because of their specialist knowledge, only experts in the 
field are deemed qualified to specify how comfortable conditions should be provided. 
They assign a completely passive role to users, a role that is paternalistic and patronising. 
The true relationship of people to their environment is reversed by regarding the people as 
passive and the environment as active. In that sense, Bioclimatic Design can be severely 
reduced to thermal sensation, to the bare facts of temperature and air flow, when in fact it 
is highly complex, personal and specific. All the rich complexity of the internal 
environment cannot be reduced to a few numbers. He claims that environmental 
engineers have reduced the subject of comfort which should be and is a rich human 
experience, to the status of an economic consideration and a privilege. Such a distorted 
notion of comfort implies that it must be rationed - more for the rich, less for the poor.
Architects can no longer afford to disregard the importance of energy to buildings. They 
better realise that the discipline of Bioclimatic Design exists to improve their designs. 
Climate and unusual weather conditions alter the environment in and around buildings, 
and they affect every design solution however sophisticated.
One characteristic of modern industrialised societies has been the continuous effort to 
increase the ‘standard of living’ (this has been discussed in section 2.4). They have won 
virtually complete technical control over the flow of energy in the interior spaces, 
however, it is not clear that they have yet mastered the design of buildings which are 
interactive with their environment.
On the global scale there seems to be a growing interest in the progress of the less 
developed countries. Ballinger and Cassel (1994) point out that in less developed 
societies, housing consumes little energy and is generally responsive to the environment. 
They maintain that in such societies the form and fabric of buildings are used to provide 
thermal comfort, while in most developed countries this art has been lost - thermal 
comfort is achieved through the provision of active systems consuming energy.
Bioclimatic Design can be beneficial for less developed societies as it is aimed to achieve 
a higher standard and quality of living, with the intent of providing reasonable comfort 
standards or rather minimise the extreme discomfort which is often experienced in the
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low-cost dwellings in those countries, this can seriously reduce the psychological and 
physiological pressures caused by excessive stress.
Social, political, economic and technological revolutions have been common and intense 
events in recent history, they literally put the last two centuries into turmoil. These 
changes have brought many breakthroughs to the built and social environment, like the 
consolidation of great democracies and the endeavour for individual freedom.
Currently, Bioclimatic Design also contemplates personal issues and judiciously studies 
the response of the individual to noise, thermal stimuli, fresh air, daylighting, and 
anificial lighting. Architects are faced with increasing demands for open-plan spaces in 
offices, hospitals, laboratories and schools; where they find application for many 
examples of systems which were developed in order to permit some degree of individual 
environmental control. The use of loudspeakers for introducing background noise into 
large open-plan areas to provide aural privacy; work-station air conditioning units and 
task lighting, all characterise some improvements in this direction.
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3. 3 - Bioclimatic Design as a discipline 
3. 3. 1 - Introduction
Architecture and Bioclimatic Design are an interlocked pair that are difficult to view, and 
even harder to study, separately. Critical examination of the evidences of significant 
historical events studied in the previous chapter suggests that Bioclimatic Design is 
embedded in every step of the architectural progress, from the prehistoric to the present 
state. Moreover, Bioclimatic Design is comprised of much more than a collection of 
principles and devices that architecture has used in adjusting to its surroundings and 
altering its internal environment, it has also been a vital ingredient of urban man's culture 
and welfare.
The architect's obligation and the need to work in a more integral way is addressed by 
Kerr over a century ago (1871, p.70). He writes that in the larger sense, comfort includes 
the idea that every room in the house, according to its purpose, shall be for that purpose 
satisfactorily contrived.
It is too frequently considered, with respect at least to the more ordinary apartments, that almost any 
accidental proportion of form will do for a room, provided the door, windows, and fireplace, however 
accidentally placed, be not openly at variance, and provided space be adequate and height approved. But 
here lies the occasion of incalculable shortcomings in respect of comfort. As a rule, no random 
arrangements of this kind ought to be tolerated. No room ought to pass muster on the plan until the 
designer has in imagination occupied it and proved it comfortable. ...A little o f this fastidiousness on 
paper will save much discomfort in the building.
He continues:
Take, for instance, the case of a Gentleman's study of small size; and suppose, when the occupant 
comes to place his desk in it, he discovers that he must choose between three evils (not an infrequent 
case), namely, whether to turn his back to the fire, or to the door, ot to the window. He will be told, 
perhaps, that the reason of this awkwardness lies in the conflicting claims of a neighbouring 
apartment; or that it is the fault of the access, or the chimney-breast, or the prospect...; but the simple 
fact is that it is the fault of the architect, - the room has never been planned. It is true ...questions of 
compromise must continually arise, and often they will prove hard of solution; but the skill of the 
designer has its chief task here, in reducing every compromise, by sheer patience of contrivance, to a 
minimum; and the plan can never be considered perfect whilst anything of the sort is so left as to 
provoke the perception of a radical defect or even a serious discomfort.
Sibyl Moholy-Nagy (1957, p.96) reinforces this impression when describing the typical 
Haitian house. She notes that it is admirably adapted to the climate of the island, and its 
functionality is a total concept: "There is no element in this simple settler house that does 
not serve the functions of human comfort."
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Willis (1990) recognises lhai historically, architecture was always assumed m have 
social, cultural, and indeed, metaphysical dimensions. The architect was a builder and the 
scope of his concerns encompassed all things relative to his task - politics, religion, the 
availability of materials and labour, and therefore economics, climate, geometry, 
astronomy, physics, etc. In his opinion, the influence of technology and the complexity 
of matters to be considered, grew so rapidly that the archiect could not cope with it. This 
then forced architects to restrict the scope of their concerns through specialisation.
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3. 3. 2 - The question of specialisation
The early recognition that architecture itself is a field of knowledge which gathers together 
a diversity of subject matters and interests is found in the opening paragraphs of 
Vitruvius's Ten B o o ks on A rch itec tu re  (Book 1, Chpt. 1, p.5) which address themselves 
to the task of educating an architect. In the following remarks Vitruvius approaches 
architecture as a field of knowledge and education as the discovery of such knowledge:
The architect should be equipped with knowledge of many branches of study and varied kinds of 
learning... In all matters, but particularly in architecture, there are these two points: - die thing 
signified, and that which gives it its significance. That which is signified is die subject of which we 
may be speaking; and diat which gives significance is a demonstration on scientific principles. It 
appears, then that one who professes himself an architect should be well versed in both directions... 
Let him be educated, skilful widi the pencil, instructed in geometry, know much history, have 
followed the philosophers widi attention, understand music, have some knowledge of medicine, know 
the opinions of the jurists, and be acquainted with astronomy and die theory of the Heavens.
In the introduction of McHarg's book D esign  w ith N a tu re  (1969) Lewis Mumford 
recognises that in regard to the relationship between man and the natural environment, 
knowledge has been far from complete. He points out that there are relatively few books 
that deal with man's relation to the environment as a whole and that this part of man's 
knowledge was slow to develop; for the early Greek thinkers tended either to examine 
man in isolation, or to examine nature without noting the presence of man.
This distinction, as White (1967) points out, has continually been maintained during the 
last centuries, with the evident divorce between the natural - and social sciences. Part of 
the problem may arise because both natural scientists and the general public have ignored 
the work of social scientists, revering only physics, chemistry and mathematics and other 
sciences on which technological progress has been founded. And part probably lies in the 
excessive specialisation that has developed in research, to the near exclusion of broad, 
interdisciplinary investigations of the relationship between man and the environment.
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White observes that: "Despite Copernicus, all the cosmos rotates around our little globe. 
Despite Darwin, we are not, in our hearts, part of the natural process. We are superior to 
nature, contemptuous of it, willing to use it for our slightest whim."
Architecture evolves slowly. It has been widely recognised that the building industry lags 
behind other industries in the extent to which it incorporates modern scientific 
developments. This is clear when the evolution of buildings are compared, for example, 
to that of means of transportation. Buildings involve considerable time and expense, and 
they are expected to be long-lived. Frequent or sudden failures cannot be accepted.
Steps of development have been gradual, progress has resulted in the adoption of what 
worked, what met the conditions and fulfilled specific requirements. Many professionals 
working with Research and Development (R&D) in the building industry confirm this 
reality, and a number of factors may account for it. Cowan (1968) suggests a historical 
reason for this; the separation of architecture and applied science as distinctively separate 
fields of study. In his opinion the consequent need for a new academic discipline to 
bridge the gap only began later in the nineteenth century.
In addition to the separation of the engineer from the architect, there was the further 
division of the builder from the architect, with the subsequent disintegration of the 
traditional roles of the architect. The basic subject - the relations between people and 
building, and those between buildings and the environment, which used to permeate all 
areas of interest were in fact issues for the designer. It has been difficult to maintain the 
integrity of the processes involved in this relationship and not to separate them into many 
specialised topics.
It is true that there has been substantial scientific work supporting the application of 
Bioclimatic Design in this last century, and an ample record of achievements. Such work 
has been carried out in many research centres and laboratories worldwide, and there has 
been a great deal of interchange of information, ideas, and publications between the 
scientists and the professionals in the building industry from many different countries, 
which certainly have caused some implications to current architectural practices.
During the last decades of this century, along with the development and growth of 
knowledge which has been a strong peculiarity of our age, there emerged a tendency for 
sharp specialisation in the sciences, where many existing disciplines broke up into 
isolated domains, with only tenuous lines of interaction between them.
An expected outcome of increasing specialisation and sub-group formation is not only 
weak and less communication among disciplines, but also a greater possibility that the
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growth of knowledge in some disciplines can be slowed down and compromised by the 
loss of appropriate communication.
A situation which has been dominating the architectural activity lately is this rapid rate of 
change which is being experienced. The growth of knowledge is staggering, and much of 
it remains undigested by the profession. This fact also calls for innovation within the 
profession and places demands on the architects' predictive capacities for building 
performance, which is a very positive and objective need. Conditions are such now, that 
time does not permit any longer the gradual evolution by trial-and-error.
Specialisation is a keyword of in-depth studies in a broad field like architecture, 
consisting of innumerable chains and interconnections with near or distantly related 
fields. Professional institutions, faculties and departments in universities arc good, 
general examples of how subjects are usually cut, without any bond between them and 
arranged into complete distinct groups. Too often a gap develops between one cluster of 
activity and another so that in an effort to attain order and sharp classification of the 
general knowledge, some areas of confusion and conflict have arisen.
It is obvious that a single person cannot know all the relevant subjects. Life is too short to 
master so many broad disciplines. Only a small part of the full range of the sciences can 
be mastered by a single person. The peculiar inquiries and complicated techniques of 
scientific research make any far-reaching competency impossible. A point to make about 
science and specialisation is that Bioclimatic Design needs much more than a delimited, 
recognised domain; it needs to gain an integral understanding and an inclusive view of the 
dominant methods in scientific activities, recognising their attributes and potentialities.
It is interesting to note the main stages in science development, when Semper (in 
Herrmann, 1984, p. 189) provides a condensed account of the historical progress of 
science:
Science ended die first stage of its development by an unquestioning acceptance of dungs: it then 
passed on to criucism and became fragmented into hundreds of doctrines; finally, it endeavoured to 
grasp and formulate a generalised idea that alone gave value and direction to specialised research and 
resolved the conflicts that criticism had brought to light, which dien was no longer divisive, but 
unified.
Scientific method is more open now to being employed to resolve not the fragmentation 
or separation but the interdependence and interconnection of things (this has been argued 
in chapter 1 and will be further discussed in chapter 4). In face of the limitations and 
uncertainties of fragmented, specialised approaches, subjects dealing with the many facets 
of man and the environment (like Bioclimatic Design) need more integrated and 
multidisciplinary methods in order to improve and work sensibly.
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In line with the above idea, and more recently, it proved to be advantageous for specialists 
to establish important connections with others. In fact, signs of interdisciplinary 
movements became noticeable. A consequence of that was the formation of what has been 
called 'hybrid' disciplines, such as cybernetics which grew out of electrical engineering, 
neurophysiology, physics, biology, economics, information theory and management 
science; the discipline of ergonomics which developed from the contributions of 
physiology, mechanics, anatomy, industrial design, etc.
A similar development also took place in the field of Bioclimatic Design; faced both with 
increasingly complex environmental problems and the requirements of higher comfort 
standards (indeed a situation which defied easy and comprehensive solutions) many 
architects came to realise that both their traditional problem-solving methodologies and 
their knowledge of the man-building-environment systems were highly inadequate.
If one considers that the establishment of Bioclimatic Design is a successful pursuit, it is 
now becoming so broad that it is also in danger of fragmentation into specialisations. This 
has happened in other fields, as knowledge has developed beyond the capacity of 
individuals to encompass.
3. 3. 3 - The contributions of Hygiene
Bioclimatic Design is a discipline which has strong roots in the field of Hygiene (see 
section 3.2). The relationship between poor environmental conditions and ill-health has 
long been understood.
Efforts to overcome infectious and contagious diseases sometimes resulted in some 
substantial environmental improvements. These countermeasures did little to establish a 
stable, healthy balanced relationship between man and the environment, but they did good 
to some of the potential possibilities that existed for maintaining and enhancing human 
standards of life.
The urbanisation and overcrowding of cities that followed the Industrial Revolution (see 
section 2.4) caused many epidemics. This has called for, or coincided with the growth of 
science and medical research attempting to find explanations and cures. Scientific 
discoveries in the mid-nineteenth century have showed that some diseases could be 
prevented by taking the necessary precautions in basic sanitation and proper building 
design. Hygiene as a product of the nineteenth century, can be seen as an early attempt of 
systematising knowledge which then served as a root to Bioclimatic Design.
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Archca and Connell (1986) refer lo the germicidal properties of daylight, which set the 
notion that tuberculosis could be alleviated by exposure to sunlight. This induced a great 
deal of concern with orienting buildings to maximise sunlight within interior spaces (such 
as in the well-known sanatonums in the mountains of Switzerland), building codes 
determining setbacks and the provision of windows in each room, and conceptual 
proposals for healthful housing.
J.N.L. Durand, who is considered to be one of the pioneers of the Modern Movement in 
architecture, claimed in his published lecture course (in Collins 1967, pp.25-26) that 
ornament had nothing to do with architectural beauty, since a building was only beautilul 
when it satisfied a need. He wrote: “It is evident that the primary purpose of architecture 
has never been to please, nor has architectonic decoration been its object. Public and 
private usefulness, and the happiness and preservation of mankind are the aims ot 
architecture.
As in so many other aspects of human existence, all too many people have allowed 
superstitions, taboos and guilts to interfere with the fullest development and realisation of 
their health and comfort. As Kira (1976, p.5) puts it:
While available technology has certainly played a role in this, by far the most important determinants 
have been our various philosophical, psychological, and religious attitudes regarding the human body 
and its processes and products. ...All the world's religions, in all their branchings and shadings, have 
had view-points and teachings on die body, sex, birth, death, illness, menstruation, elimination, and 
cleansing. ...Virtually the only absolutes in this entire area of human existence have been those 
natural and involuntary bodily processes over which we have no control whether we like the facts or 
not.
Essentially, the environment can affect people in many different ways (Givom 1969; 
Fanger 1972; Oliver 1973). Under extreme conditions it can degrade health and cause 
death (hypothermia, for example). At less extreme levels, the environment can reduce 
safety by its effect on performance. Also, less than optimum environments can interfere 
with comfort which, in turn, can lead to discomfort, reduced efficiency, and physical or 
emotional stress.
As scientific data on the causes and prevention of diseases, as well as on working 
performance and efficiency have developed and became available, corresponding 
legislation has been enacted. The development of design criteria to fulfil those needs has 
been set up, which must be seen not only as an issue of comfort and productivity but of 
health and distress, life and death. So far, many countries have built up a plan of public 
health legislation which includes many aspects of building layout and design, 
environmental and material specification. These regulations have had a pervasive and 
enduring influence on the design, construction and use of buildings.
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Hvgiene can be defined as the principles of health or the science of keeping well. In 
respect to the building environment, all features which have an influence on the health, 
safety or well-being of building users came within its scope, therefore, it has had a direct 
association with nearly all of the subjects covered in Bioclimatic Design. Originally, the 
subjects in architecture where hygiene was of primary consideration included water 
supply and distribution, sanitary appliances, drainage and sewage disposal and refuse 
disposal. It also included natural and mechanical ventilation, daylighting and artificial 
illumination and notions of acoustics in buildings.
Fletcher and Fletcher (1911) in the introduction of their book on architectural hygiene 
outline the importance of the subject matter:
Hygiene is the bridge connecting the architectural and medical professions, and on it are found both 
architects and medical men. We need not discuss here to whom the work of making new buildings 
healthy and habitable in a hygienic sense really belongs, for it must be apparent that the architect 
should be solely responsible for it. He cannot, neither should he desire to, delegate to anybody so 
important a branch of his work.
Hygiene in architecture, as they aptly express (p.l): "it need scarcely be said, is one of 
the most important subjects which the architectural student has to study, for on its proper 
application in the buildings erected under his supervision depends not only the health and 
well-being of his clients, but often their very existence."
The inclusion of the discipline of Hygiene in architecture may also have helped architects 
to understand the role of science and technology in their professional education and 
training. Progress in a scientific field such as this, often results in an increase of 
acquaintance with 'reality' or with the operational world, and it is also important as a 
basis for learning how to apply methods and solve problems.
Early standards for building and planning were not more than minimum guarantees for 
security and hygiene (Carvalho 1956). To a large extent, life can only be tolerable in 
urban areas due to the work of pioneer hygienists who set out to make existing cities and 
towns healthier places (Read 1970). Many of the strides were made by social reformers in 
the late eighteenth and nineteenth centuries. Those men introduced people to the idea that 
comfort and well-being were something that could be studied, measured, and explained 
(see section 3.2).
Prior to the twentieth century, some major biological requirements of people in cities have 
been studied (albeit briefly). The energies of the climate have been treated only 
peripherally. With people's basic needs in perspective, it became relevant to view the total 
environmental factors (eg. Szokolay 1980); the demands of people and the role of 
buildings in it, because human comfort is not simply a function of one factor, but rather
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Lhe interaction of many (ie. the air temperature, water vapour content, air movement 
ionisation, carbon dioxide level, dust, odours, human activity, age, clothing, etc ).
The complexity of the factors influencing human comfort and well-being did not become 
apparent until the first decades of this century; before then, ventilation, for example, was 
seen only in terms of diluting carbon dioxide. Currently, employee health and safely, in 
most parts of the world, is an area that has become a major source of motivation behind 
many Bioclimatic Design studies. The Occupational Safety and Health Acts were brought 
to assure, as far as possible, all working people safe and healthy working conditions.
Because these acts cover nearly all business facilities, and because of the stringent 
requirements and attendant penalties, they have had and will continue to have a significant 
impact on the designer’s choice of structure, layout, building services and materials. 
Consideration for their requirements becomes imperative during Lhe initial design stages 
so that adequate environmental conditions are provided and possible unsatisfactory or 
hazardous conditions within the work environment be eliminated or minimised.
3. 3. 4 - A multidisciplinary basis
Because formal training and education in architecture are relatively recent advancements 
(see section 3.1), customary architectural knowledge was mostly limited to that 
established by general convention or habit. In order to be able to survive in the present era 
of science and technology, it became necessary for architecture to turn to other 
disciplines, especially to the sciences, in search for knowledge which had a strictly logical 
and pragmatic basis.
The academic value of scientific subjects in the architectural curriculum has been such that 
they fulfil the elementary educational purpose of demonstrating to students what 
'knowledge' actually is. In relation to design problem solving, as Gero (1988) suggests, 
science-based disciplines can give a useful prior understanding of what facts, 
conventions, criteria, methods, principles and theories are like, yet keeping a chief 
function as to exemplify the nature and structure of knowledge.
Studies in Bioclimatic Design have been concerned with aspects of building and design 
that affect human sensory response, behaviour, productivity, and impressions of comfort 
and well-being. This discipline recognises the fact that perception and appreciation of a 
space by an individual or group is dependent, in part, on the interaction of various forms 
of environmental energies (some of which, through the use of advanced technology, can 
be now precisely identifiable and controllable by electro-mechanical means).
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Since the Second World War there has been a growing awareness of the diversity and 
complexity of architectural problems regarding the flow of energy in buildings. Architects 
have been asked to acknowledge and reflect on energy and environmental issues which 
were normally ignored and for which they hardly had any training or experience.
The importance of the environmental energies to human behaviour, perception and 
experiences have been increasingly studied in the last decades, particularly in terms of 
comfort, well-being, suitability of space quality to activities, behavioural attitudes such as 
attention, concentration, relaxation, recreation and some forms of human participation.
It became obvious that everything concerning the complex physiological, cultural and 
psychological aspects surrounding the relationship between man, environment and 
buildings, even those more external factors and evident design principles that influence 
people's reactions to space and environmental quality, needed to be considered if they 
have to be adequately resolved.
The influence of the immediate environment affecting the human body and its functions, 
constitutes a microclimate that Lee (1958) has termed the 'proprioclimate'. It has 
comprised the field called 'human bioclimatology' which is often considered a part of the 
study of biometeorology. The varied aspects of biometeorology are shown by Tromp 
(1967) - human biometeorology, physiological biometeorology, urban biometeorology. 
He distinguishes social biometeorology as relating the effect of weather and climate to the 
social activities of man; a more sophisticated approach than climatic determinism.
The point is not one such as whether or not the subject-matter constitutes an applied- 
psychology issue, an architectural problem, or a human-factors problem; this seems 
more a question of standpoint. Most certainly, interests on the human sensory response 
to the energy flow within the built environment have fallen within the scope of 
Bioclimatic Design, and thus the subject and its implementation techniques have 
relevance for anyone concerned with the processes, methods and purposes of 
architectural design.
Up to a few decades ago, only a small number of scientists (and a handful of architects) 
pursued what can be regarded as scientific research in the new area of Bioclimatic Design. 
In an attempt to correct this situation, the architectural profession sought the assistance of 
scientists* in varying areas such as physiology, geography, physics, hygiene, medicine, 
meteorology, engineering - all somehow concerned with the study of man-building- 
environment relationship.
* Well-known examples are T. Bedford, C.P. Yaglou, J.W. Drysdale, N.S. Billington, J.F. van Straaten, 
R.K. MacPhcrson, Douglas H.K. Lee, P.O. Fanger, M.A. Humphreys, Paul Siple, R.G. Hopkinson, 
Harry Tabor, A. Auliciems, Henry Cowan, etc.
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Since then interest has increased progressively and significantly. Many scientists from a 
wide variety of disciplines have joined the small but increasing core-group of 
professionals in the study of the energy content of this relationship. Effective 
contributions came from many building research establishments worldwide (as listed in 
section 3.2). As a result, the new hybrid discipline of Bioclimatic Design has emerged.
Out of the efforts of those pioneering people and institutions has come the modern 
recognition of Bioclimatic Design as a practical approach and important discipline within 
the minds of students, lecturers, university staff and professional institutions. This 
represents an encouraging situation, especially to those first building science educators 
who had to justify their subject even to colleagues.
Szokolay (1970) writes that when the first 'environmental studies' courses appeared in 
some architectural curricula: "...many colleagues, mostly traditionally minded 
practitioners, sounded the alarm. Fears were aroused of a 'technological takeover', of the 
prospect that a narrow, physical point-of-view may lead to mechanistic, inhuman 
attitudes." He says that science in architecture was seen as the antipode of human values, 
as the monster of Frankenstein.
3. 3. 5 - The introduction of Bioclimatic Design courses
Every building that has ever been designed and constructed to suit its users' requirement 
for comfort and well-being, has materialised principles of Bioclimatic Design. 
Nevertheless, the application of its techniques has rarely been a conscious process. The 
very term is new and any previous or alternative word has not had a precise meaning in 
the building industry, probably for this reason Bioclimatic Design has not been 
consciously sought.
Bioclimatic Design as a discipline stresses the importance of studying and analysing 
architecture from within a building. One can thus assume that its criteria came into play 
through the building; in its location and orientation; in its relation and order between mass 
and voids; in its internal layout; in the continuity of the material demarcation between 
inside and outside, and so on.
In chapter 1 reference was made to energy as the indispensable link between architecture 
and Bioclimatic Design. Historically, the systematisation of this discipline was not 
necessary for the achievement of good and comfortable buildings. The question then is 
how can the study of Bioclimatic Design actually benefit the architect? There are two 
basic viewpoints in this matter, and a gradation of variations between them, but:
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a) Either the designer consciously adopts the principles and techniques of 
Bioclimatic Design, making use of the energies of the climate to advantage; to serve 
the needs of the building users (in this approach the positive and negative climatic 
influences are selectively filtered and balanced at the building's boundary to provide 
internal environmental control).
b) Or the designer decides for building systems and technologies that completely 
insulate the building from the environment with the form and envelope serving 
solely as physical barriers between the exterior and the artificially controlled space.
As with any other scientific subject, what an architect can benefit, after carefully applying 
the theory and principles of Bioclimatic Design, is an increase in the ability to recognise 
and set up appropriate solutions quickly and easily, with a corresponding increase in 
efficiency, effectiveness and vigour of detail, extending from the site plan, through the 
facades to the depths of the mechanical rooms.
Scientific incentive has never been a pivotal ingredient in architectural education (see 
section 3.1). Effective attempts can be traced to the 1941 RIBA committee, set up to 
consider the future of the architectural profession after the Second World War. An 
Architectural Science Group started in 1939, as a result of an approach by Stanley Hall, 
President of the RIBA, to Dr. Stradling, Director of the Building Research Station - BRS 
(currently the Building Research Establishment - BRE). This group made a proposition to 
study and report on scientific developments that were applicable to building and the use 
of scientific method in building.
At an early stage it was agreed that an important issue with which the Group must deal 
was the scientific education of the architect. Accordingly, an Education Committee was 
set up with the following terms of reference (Architectural Science Group's Education 
Committee 1941): "To consider the position of the architect in relation to the scientific 
aspects of his profession and to make recommendations regarding the extent to which and 
the methods by which science may be given a suitable place in his education."
In England in 1942, it was obvious that science was playing an important role in the war. 
In its report, this committee recommends that a fundamental step is to secure recognition 
within the profession that science is of general application in architecture and building, 
and that leading architecture schools should create chairs of architectural science to 
oversee the introduction of science into the architecture curriculum.
Soon after the Second World War the direct concern of science in architecture, specially 
as evidenced by the undergraduate curricula and textbooks, was building structures. The 
teaching of this was generally based on applied mathematics. At that time mathematics
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w a s  r e c o g n i s e d  lo  b e  a n  i n f l u e n t i a l  l a n g u a g e  b e a r i n g  h i g h  s t a t u s .  A n  e x t r a o r d i n a r y  
e x p a n s i o n  o f  k n o w l e d g e  a n d  t e c h n o l o g i c a l  a c h i e v e m e n t s  h a v e  o c c u r r e d  s i n c e  t h e n .
The pressure for post-war construction and reconstruction placed a great demand on 
architects. It led in the 1950’s and early I960's to an extravagant activity, on a scale 
probably never experienced before (this is made evident by major architectural magazines 
of the time (eg. Architectural Forum, The Journal o f the RIBA, Architectural Record). 
The ever-increasing flow of new industrial products and techniques, readily responding 
to the demands of an increasingly affluent society, drove the architectural interests more 
and more within the influence of quantity.
As part of an increasingly quantitatively oriented civilisation, supported by quantitative 
science and technological methods, both the practice and the architectural education 
system ended up in a corresponding loss of quality. This was followed by another 
quantitative problem, an increase in the numbers of students of architecture the world 
over which in turn, brought about the expansion of quantitative methods of education.
The physical sciences entered architectural interest and research in the late I940's and 
early 1950's, subsequent to the creation of building research institutes and the 
establishm ent of building science departments in schools of architecture. The 
development of environmental psychology and the social sciences followed about a 
decade later.
Decisions to include science in architectural education did not originate from the 
deliberation or perceived needs of students and staff, but rather came from higher political 
levels and professional institutions. Schools in post-war years were desperately trying to 
find science subjects which could be relevant.* At times architecture students had to take 
basic courses in chemistry, biology, physics, mathematics, etc..
The general introduction of scientific thinking in architectural education has been 
discussed in section 3.1. its formal confirmation, in the way we know it today, may have 
had its foundation in the more general discipline called 'Building Science' (Szokolay 
1970; Cowan 1993) which came about as an attempt to integrate a mass of extra 
information on building materials, structure, services and technology.
The entire field of architectural science is characterised by Gero (1988) as being based on 
the application of the scientific method to the problems, issues and interests of 
architecture and building. Implicit in architectural science has been the notion of the 
scientific method and all that it entails. Gero suggests that it commences with the 'axiom
f Issue discussed in privaie conversation with Steve Szokolay.
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of knowability', ie. lhal the universe around us is knowable and not simply mysterious. 
A corollary of this axiom is the externalisation of knowledge, ie., knowledge can be 
written down and is independent of the person who articulated it.
Although the development of building services installations originated in the late 
eighteenth century and early nineteenth century, and must be taken into account when 
architectural science education is under consideration, architects showed little interest in 
such technicalities. Collins (1967, p.236) remarks that no courses in heating or 
ventilation were given at the E co le  des  B ea u x -A r ts  and at the E co le  P o ly  tech n iq u e . 
Leonce Reynaud (in Collins) suggests that the subject was of more concern to specialist 
craftsmen than to architects.
After a broad review of standard architectural science textbooks (published in English), 
recommended during the period between the Second World War and the late 1960s, 
(when Bioclimatic Design was not widely established and more graduate scientists began 
to enter architecture departments), it becomes clear that courses preaching the scientific 
approach and emphasising the scientific side of the profession had their syllabuses based 
on three major aspects: Structure: the study of the forces involved in the stability of the 
building; Fabric: the study of the materials of which the building was made; and Services: 
the installations in the building for the comfort of the occupants.
The last two of these - fabric and services - were gradually amalgamated into a broader 
field, consisting of few disciplines under many headings such as ‘Environmental 
Science’ or ‘Human Comfort’ or better still, ‘Bioclimatic Design’. Generally speaking, 
the content of this knowledge area covered: heating, ventilation, airconditioning, 
daylighting and artificial lighting, acoustics, human physiology and meteorology.
In the foreword of his book, Rybczynski (1987) gives a valuable student’s version of the 
very little contact he was given during undergraduate years with Bioclimatic Design:
During the six years of my architectural education the subject of comfort was mentioned only once. It 
was by a mechanical engineer whose job it was to initiate my classmates and me into the mysteries of 
air conditioning and heating. He described something called the ‘comfort zone’, which as far as I can 
remember, was a kidney-shaped, crosshatched area on a graph that showed the relationship between 
temperature and humidity. Comfort was inside the kidney, discomfort was everywhere else. This, 
apparently, was all that we needed to know about the subject.
Analysing the facts from a more experienced position, he stresses that it was a curious 
omission from an otherwise rigorous curriculum; one would have thought that comfort 
was a crucial issue in preparing for the architectural profession, like justice in law, or 
health in medicine. More generally the flow of energy within buildings and cities 
constitutes a strange territory to architects, and is usually left out of discussions.
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These comments suggest three things. One is that the considerable literature and research 
findings in Bioclimatic Design did not reach students or the professionals. The other is 
that if they did, they were not being used, or were rejected by them as too 'scientific', 
complicated or as an extra load. So simple as it may seem, the 'environmental control' or 
'environmental performance' notion of buildings was not considered specifically relevant 
to the designer. Another possible problem is that of pedagogy; being a scientific subject, 
it was taught very largely as a body of subject matter in terms of its internal discipline, 
rather than as a design approach, a method or tool of general application.
Two influential institutions had pioneering roles in establishing and spreading the 
discipline of Bioclimatic Design. One was the Tropical Department of the Architectural 
Association in London, which had its origin in the initiative of a Nigerian student who 
was reading architecture in England. He realised that the professional education he 
received bore very little relevance to the tasks that were awaiting him in his home country. 
He approached a number of architects and other professionals with experience of tropical 
conditions with the suggestion that they should organise a course in tropical architecture. 
This approach led, in 1953, to a Conference on Tropical Architecture, and in compliance 
with a unanimous resolution of this conference, to the establishment of the Department of 
Tropical Architecture at the AA School headed by Otto Koenigsberger.
This Department soon expanded to cater for architects who wished to bring up-to-date 
their knowledge of the fast-expanding disciplines of tropical architecture and Bioclimatic 
Design. It became for some years an important international meeting place for the 
discussion of Bioclimatic Design matters in architecture. From this experience came the 
prominent book M a nua l o f  tropical housing and  building, p a r t l  - C lim atic  Design.
The other was the University of Sydney, where the first ever chair of architectural science 
was appointed. An early initiative was tried by the Liverpool School of Architecture in the 
late 1940s, but arguments over it continued for many years because the University's 
science and engineering professors were dissatisfied with the levels of science proposed 
by the Architecture faculty. They wanted a 'more scientific chair’ than the architects. The 
Department of Building Science was established in the Faculty of Engineering (whilst 
architecture remained in the Social Science Faculty) (Cowan 1993).
The University of Sydney got the first Chair of Architectural Science. In 1953 it was 
filled by Henry Jack Cowan. Its brief was somewhat broad and unspecific, leaving it up 
to Cowan to define the areas of interest of the Chair. As the only academic at a 
professional level anywhere in the world in the field of architectural science, Cowan had 
no consistent models available to him specific to the field (Gero 1988; Cowan 1993). 
Thus, by his actions, he became the role model for those who followed him, especially in
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postgraduate courses. This may explain why most of ensuing appointments to similar 
chairs were to engineers and only later to scientists and architects.
Generally, very little has been written about the actual conditions, structures and results 
of Bioclimatic Design courses worldwide as well as on the influences this discipline made 
to the character of architecture. The artistic approach, the emphasis on visual language 
and the notion of style have been far better explored and documented, they have gathered 
an extensive and now well-established basis for many areas of design. The congregation 
of such interests in contemporary architectural literature is a good indication of the 
prevalent standing of formalistic and personal issues.
Academically, some schools of architecture which continued to stress the importance of 
Bioclimatic Design have often done so in an isolated way, usually regarded by others as 
promoting an engineering perspective. The unfolding of Bioclimatic Design has been 
severely questioned by the more dominant artistic approach.
However, the maturation of this discipline has created the opportunity for other 
methodological efforts as well as more pragmatic and scientific approaches to design, 
which came about only during the last decades. This made the favourable contingencies 
for the emergence, wide acceptance and adoption of Bioclimatic Design as a formal 
discipline in architecture.
The architects’ interest in form and visual composition is important and by no means does 
it represent a particularly new issue. The point is that it cannot subsist at the expense of all 
other essential issues involved in design. Architecture has to support the perpetuity of 
life, promote healthy and comfortable environments and be useful and delightful. 
Architectural education has in recent years, following the formalistic approach of the 
fashionable Postmodernist style, reduced many courses in Bioclimatic Design which were 
just being established, to the point where in some cases they remain no more than a bird’s 
eye review.
In its recent organisation, Bioclimatic Design has introduced evident alterations for the 
education and for the prospects of the practice of architecture. In its simple and 
fundamental form it has helped to clarify some of the architect's duties with society;, 
through the thorough study of: users' health and physiological needs; the legislation 
concerning health and hygiene; and the environmental demands and the utility of new 
technologies.
Great changes have taken place in the education of architects in order to meet the problem 
of modern building practice. Aspects of technology, which until quite recently were left
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in the hands of specialists, are now pan of the architectural curriculum, compelling 
students and staff from schools of architecture to develop research in this field and to 
produce research papers and specialised publications on aspects of Bioclimatic Design.
In its more complex form, this discipline has stressed the man/building/environmcnt 
relationship in a systematic way, giving architects a sound guidance on complex and 
multiform subjects, varying from levels of illumination, glare, insulation, heat loss and 
heat gain, acoustics, orientation, fenestration and shading to the embodied energy of 
buildings and the greenhouse effect.
Its dominant force lies in both creativity and scientific discernment. Historical precedents 
can be analysed and a solution deduced from them. A Bioclimatic Design problem is 
always an architectural design problem, but distinct from other design problems, it can be 
logically stated and the facts logically recorded. Being a design issue, the solution can 
vary endlessly and be found beyond the objective study and into the realm of creativity.
Since a closer collaboration at the levels of research and practice is needed, Bioclimatic 
Design courses are growing and showing great diversification. They range from the 
conventional type, in which general environmental control techniques are studied with no 
great chance for specialisation, to the more advanced specialised courses, where due 
attention is paid to the predictive tools, applied sciences, laboratory work and computer 
simulation, with a view to produce designers who possess, in addition to thorough basic 
knowledge, sound discernment, originality and professionalism.
3. 3. 6 - The consolidation of a discipline
Bioclimatic Design is essentially a multidisciplinary subject for one cannot consider one 
aspect, like the visual and lighting effect of window design, for example, without some 
implications for the thermal environment, and vice-versa. Likewise, shape, orientation, 
materials and fenestration can influence the visual characteristics of the envelope and the 
internal environment. At last the construction, pattern of occupation, quality and operation 
of the environmental control systems can influence the potential for comfort conditions.
Creativity and originality have a very positive connotation to Bioclimatic Design; they can 
evolve speculative designs derived entirely from the unequalled energies and 
environmental qualities which every location and building have. Probably this is why 
when Victor Olgyay coined the term 'Bioclimatic Design', he used the subtitle: ’An 
approach to architectural regionalism’.
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Being a design-oriented and building-specific discipline, Bioclimatic Design has been able 
to provide, in a cost-effective and ecologically sound manner, indoor climates which 
occupants enjoy. The effectiveness of its techniques varies from the unrefined control by 
which most buildings already benefit, to that, in which the contributions of science and 
art become the most important means of providing aesthetic sensitivity and comfortable 
thermal and visual environments.
Bioclimatic Design comprises a spectrum of principles, techniques and strategies whose 
applicability is modified by region, latitude, culture, economy, building type, etc.. If 
properly designed, every building can be unique and will operate to suit its users and fit 
to its unique circumstances (wind direction, views, solar movement, etc.). Building parts 
and components will differ from one another according to their positions and functions.
Although many developments in this discipline had a pragmatic purpose, it is interesting 
to observe that aesthetic exploration or aesthetic pressures were just as effective in 
stimulating innovation as the solving of functional problems. In Bioclimatic Design there 
are general guidelines, principles and techniques that, if followed, can lead to sound, 
effective building forms and shapes. But the architect must go beyond the rational 
understanding of guidelines and principles and develop a feel for the interrelated, often 
conflicting, objectives that affect the overall results.
There is an increasing number of architects emotionally committed to Bioclimatic Design, 
they design with the best of intentions, sometimes successfully, but they lack the 
scientific predictive tools. The rationale behind this is that, if a building is to function 
properly, the surrounding energies, the attitudes and needs of people using it need to be 
taken into account. The solution becomes socially and humanly oriented as well as being 
technically, environmentally and economically acceptable. The fulfilment of physiological 
and practical human requirements doubtless influences architectural design.
The dynamic nature of the exchange of energies occurring at the boundaries around 
architecture has definitely thrown up this new discipline which is variously known as 
‘environmental design and engineering’, ‘environmental studies’, ‘architectural science’, 
or even ‘building climatology’. Though the discipline may be too young for precise 
definition (it is called here 'Bioclimatic Design'), it can be briefly characterised as design 
based on the scientific study of the flow of energy in and out of buildings affecting 
human sensory perception of, and the interaction with the environment.
Szokolay (1970) points out that the terms 'building science', 'architectural science’, 
'environmental science' or 'environmental physics’ are used by the profession loosely
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and often interchangeably. He proposes a definition for these terms. The following is his 
personal interpretation which certainly contributes to the clarification of ideas:
- Building science - or the science of building is the study of materials, structures 
and building services, in an objective, factual and descriptive form.
- Environmental physics - or in a narrower sense building physics is mostly 
concerned with the physics of heat, light and sound, extending from 
psychophysics (the psychological effects of physical stimuli) to the physical 
performance of buildings.
- Architectural science - includes both of the above subjects, but the attitude and 
approach is different; the subject is studied from the point-of-view of architectural 
decision-making. A broader view is taken, examining choice, situations and 
possible ranges of building variables, predicting consequences of alternative 
decisions.
- Environmental Science - includes environmental physics, services, but extends 
into ergonomics, environmental psychology, sociology and ecology. It examines 
human needs and the means of satisfying such needs. It studies all the scientific 
facts and the methods available for the design of environments for humans.
Although the basic human requirements have always been the same in time and space, 
variances in way of living, in available technology and climate tend to make each place 
and region adopt different architectural solutions to their common requirements for 
comfortable living. From what has already been said, as civilisation entered further into 
the new age of information and technology, the links must be increasingly close between 
people, architecture and the environment.
From the university classrooms to the conference rooms of convention centres there has 
arisen a worldwide interest in Bioclimatic Design issues. In various talks, workshops, 
symposia, seminars and conferences a learned environmental discourse has contributed to 
the progression and widespread application of this discipline. The broad interest in 
Bioclimatic Design was given an impetus by the energy crisis of 1973 and it has resulted 
in conspicuous changes in the education and culture of the architectural profession.
3. 3. 7 - The Olgyays' special contribution.
In recent history, a commendable attempt to develop Bioclimatic Design techniques for 
the domestic American architecture was made in the early 1950s by the Federal Housing 
and Home Finance Agency - HHFA. Under contract with the HHFA at the Massachusetts 
Institute of technology, Victor and Aladar Olgyay (identical twin brothers) developed a 
comprehensive program for adapting domestic American architecture to climatic 
considerations. Their research concluded with the publication of a manual on Bioclimatic
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Design called A p p lica tio n  o f  C lim atic  D ata  to H ouse D esign , which was published by the 
federal agency in 1953 .
Although this manual represents a well-developed architectural guide for the discipline, 
around the 1950s the prevalent enthusiasm for industrialised building, the indiscriminate 
use of cheap fossil fuels and the curiosity of climate control (via air conditioning and 
other energy-intensive mechanical systems), neutralised the general impact of Olgyays' 
work during the 1950s. Later, they founded the Princeton Architectural Laboratory at 
Princeton University, where they set up full-scale facilities to test wind, daylighting and 
solar effects in buildings. This experimental laboratory became their own research centre. 
Cook (1986) points out that probably the most important architectural investigations in the 
1950s were performed by them, at Princeton.
In addition, they have produced the book So la r C on tro l a n d  S h a d in g  D ev ices  in 1957, 
and in 1963, Victor Olgyay published his comprehensive treatise of the subject, D esig n  
with C lim a te . Before Victor published this book, Bioclimatic Design could hardly be 
considered a distinct subject, it was rather a catalogue of many studies and works in 
which various disciplines were gathered. In one way or another these studies attempted to 
understand the basis of the human interaction with the built environment; possibly, the 
energy exchange between the two.
Almost all the recent books on climate and architecture refer back to D esign  with C lim a te , 
still a pivotal work in the field. Olgyay's explanations of the human comfort zone, 
climatic need timetables, sun path diagrams, shading effectiveness, and windbreaks are 
among the best works on the subject. Since it first appeared, this book has been the basis 
for a lot of thinking and planning in architecture. Cook (1986) notes that with the 
publication of S o la r C o n tro l a n d  Shad ing  D evices  in 1957 and D esig n  W ith C lim ate  in 
1963, the field of Bioclimatic Design was permanently established by the Olgyays.
Cook states that essentially, the Olgyay Brothers invented a Bioclimatic Design process 
for architecture, a concept they evolved from their technical prowess and scientific 
inquiry in Internationalist design processes. The concept of bioclimatic determinants for 
social and cultural activity already had, according to Cook (1986), a certain circulation, 
but the Olgyays, inspired by the morphology of plants and animals, developed the 
analytic tools and their design application not just for building evaluation, but for the 
synthesis of distinguished architectural expression.
Olgyay, A and Olgyay, V. 1953, A p p l i c a t i o n  o f  C l i m a t i c  D a t a  to  H o u s e  D e s i g n ,  (two volumes) U.S. 
Housing and Home Finance Agency, Washington, DC. This manual is out of print.
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Design with Climate, is a reference account to the study of the energies of the climate in 
relation to architecture, and it should be better examined together with the earlier volume - 
Solar Control and Shading Devices. Both were classics, and some decades later, they 
remain seminal works. In Design with Climate the author discusses and analyses the 
relationship between human life and shelter, the adaptation of shelter to the problems of 
climate, and a universally applicable method for architectural climate control, which is 
divided broadly, into four basic sections, namely climate data, biological evaluation, the 
technological solutions and, the architectural application.
Bioclimatic Design (an approach to architectural regionalism) as proposed by the Olgyay 
Brothers emphasises the fact that architectural design begins with the physiological 
aspects of human health and comfort. It comprises the contributions of the distinct 
sciences of Biology, Physiology, Meteorology, Physics and Engineering, and is 
particularly useful to four distinct climate regions; temperate, cool, hot-arid and hot- 
humid. It attempts to provide a new and more precise approach to the architectural 
theories of the siting and form of buildings, climate control and the choice of materials.
The Design with Climate book is fully illustrated with diagrams and photographs. 
Particularly interesting and well illustrated are the chapters on ‘solar control’, indicating 
the relative effectiveness of the many types of shading devices; and the chapter on ‘wind 
effect and air-flow’, showing the air-flow patterns surrounding and air movement 
through buildings.
As the author states in the preface, "some architects may find this book too detailed for 
their immediate use in design and some scientists will rightly find their own fields of 
research inadequately represented.” This may be true, but as an attempt to unify these 
different fields, it has surely made a lasting contribution to the principles governing the 
relationship between architecture and climate in all its aspects.
Victor Olgyay suggests some techniques of graphical climate data analysis, as well as the 
use of the 'bioclimatic chart'. This chart was proposed in 1953 by the Olgyay Brothers to 
chart ambient temperature and humidity with reference to the human thermal comfort 
zone, making it easy to assess the potential effect of solar heating and natural ventilation. 
It facilitates the analysis of the climatic characteristics of a given location from the 
viewpoint of human comfort. It basically presents on a psychrometric chart the concurrent 
combination of air temperature and humidity at any given time. It can also specify some 
building design guidelines to maximise indoor comfort conditions and it is structured 
around, and refers to, the 'comfort zone'.
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The bioclimatic chart has relative humidity as the abscissa and temperature as the ordinate, 
it is strictly applicable to outdoor conditions only, and this has caused some frequent 
criticisms. Average diurnal values of temperature and humidity conditions for each 
month, in any given location, can be plotted on it, thus providing a 'diagnosis' of the 
extension of underheated, comfortable and overheated conditions in that place.
Subsequently, Givoni (1992) presented the ‘Building Bioclimatic Chart’, with a similar 
intent but with some original contributions. The format that Givoni proposed was the 
psychrometric chart, which is more familiar and useful for engineering purposes. 
‘Boundaries’ overlayed on the chart define the limits of passive cooling strategies to 
create thermal comfort in building interiors given specified outside climate conditions.
D esig n  w ith  C lim a te  investigates the relationship of specific houses in various locations 
in the United States, to climatic variables and points out a number of practical ways in 
which houses, as well as communities, can take advantage of climate, orientation of 
structures, and native building materials to effect quality housing and community goals, 
while maximising the use of solar energy and other climatic variables. Four climatic zones 
- M inneapolis, New York, Phoenix and Miami - are studied, and specific 
recommendations are given for community and individual housing unit development. 
Olgyay designed for each region prototypes of 'bioclimatically designed houses' and 
compared their performance in conserving energy to 'orthodox' houses, which reflected 
average houses not designed with climate in mind.
Cook (1986) mentions that this book was the first to comprehensively and rationally 
develop a scientific design method to create a modern regional architecture. In it, Victor 
Olgyay presents an elucidation for the creation of a regional dialectic in contemporary 
architecture. The recommended procedure is to work with, not against, the energies of 
nature and to make use of their potentialities to create better living conditions. The 
building which, in a given environmental setting, reduces undesirable stresses, and at the 
same time utilises all natural resources favourable to human comfort, may be called 
'bioclimatically designed'.
Probably an exact energy balance would hardly be achieved away from certain tropical 
places and peculiar environmental circumstances. But it is important for designers to 
pursue a design that can provide great comfort at no extra cost through the reduction of 
mechanical conditioning.
The Olgyays' term ‘Bioclimatic Design4 has tended to be surpassed by the use of the term 
‘passive solar design’ which was first used during the mid-1970s to describe more
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limited applications* of solar energy in buildings. The Olgyays' term is nonetheless more 
comprehensive, since it embodies all climatic impacts and conveys the importance ol 
human health and comfort as central to the architect’s attention when designing buildings.
The general recognition of Bioclimatic Design as a discrete discipline is closely related to 
the rise of modern environmental concerns from the 1960s and the energy crisis of the 
1970s. Since then elaborate facets of Bioclimatic Design were brought together by Givom 
1969; Koenigsberger et al. 1974; Knowles 1974; Szokolay 1980; and Yannas 1994. 
Many efforts were shadowed by the artistic, formalistic view of architecture. However, 
some intelligent studies have been able to both advance the principles of this discipline 
and integrate practice and theory.
The problem of how environmental factors and building design might be integrated for 
human comfort and well-being became one of the great questions of the 1970s and early 
1980s which the current view of 'sustainable architecture' recapitulates rather than 
untangle. A great deal more detailed and specialist work is needed, and the major task 
ahead is synoptic and integrative.
3. 3. 8. - An integrative endeavour
As discussed before, Bioclimatic Design has grown from the parent disciplines of 
hygiene, physics, architecture, engineering, geography, physiology, climatology and 
meteorology. Energy has been the common ground on which all the contributing 
scientific fields could be joined and mutually reinforced.
Although some individual disciplines involved in the composition of Bioclimatic Design 
could, to a considerable extent, be put on a quantitative basis, its ultimate objective has 
been the largely unquantifiable quality of the environment in and around buildings. 
Szokolay (1983, p.328) summarises the general nature of the work done in the field:
The definition of die 'required conditions', le. of die range of environmental variables widnn which die 
building occupants will experience no stress and will feel comfortable, was a central problem of 
research for over 50 years, beginning widi the mid-1920s. Innumerable comfort indices have been 
produced, showing die combined effect of some or all four of die environmental variables having a 
thermal effect: temperature, humidity, radiation, and air movement. The influence of clothing, of 
metabolic rate (as a function of activity) and of a range of subjecUve factors have also been studied in 
sreat detail.
Solar energy became a prevalent topic after the 1973 oil embargo. 'Solar houses' were initially diosc 
with large collector areas of die (active) heating installations. A reaction from architects to diis was die 
’passive system' approach which, at the residential scale, is very close to to what is now known as die 
Bioclimatic Design approach. The adjeedeves 'active' and 'passive' refer to the system used to control the 
internal environment.
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Just after the consolidation of Bioclimatic Design in the mid-1960s, the 1970s marked the 
intensive introduction of ergonomics in industry, particularly in Europe and Japan. At this 
time, working conditions had come into the focus of employees and employers. The 
World Health Organisation declared that work should not only be free from health and 
injury hazard, but in fact should contribute to welfare and well-being*. At this time, 
‘humanisation of work’ (through the discipline of ergonomics), was seriously attempted 
to create the satisfactory design; including furniture, tools, equipment, as well as the 
work environment with climate, sound, lighting, etc. (Bennett 1977). The basic aim was 
either to achieve a high quality of life or productivity, or perhaps, both.
A new generation of buildings (especially commercial and public buildings) has been 
designed allowing the office environment to be more ergonomic, comfortable and 
efficient than ever before. Because building services can deliver all the environmental 
factors anywhere in the building, modular workstations could be configured in a wide 
range of performance levels and user-adjustable installations that more easily conform to 
the exacting requirements of the individual worker.
These building services often rely on non-renewable resources, very often, chemically 
bound energy (fossil fuels). The offset is that air conditioning, mechanical ventilation and 
heating can improve the indoor climate at one place, but at the cost of energy waste, and 
consequently, pollution and noise at another place. Working with Bioclimatic Design is a 
task simultaneously multidisciplinary and unitary. The environmental control techniques 
do not consist of several distinct, isolated subjects which can be treated individually, but 
work together in a coordinated form.
In Bioclimatic Design an architectural problem is properly treated when approached in 
terms of an integrated system theory; where different performances are to be achieved 
with minimum of costs and abuse of natural resources and resulting waste products. The 
chain of reciprocity is analysed, where the links of structural type, envelope, facade, 
building orientation, materials, insulation, heating or/and cooling technique, building 
shape, siting, orientation, fenestration, daylight integration, shading, landscaping, energy 
consumption and pollution are all weighed against the desired performances from each 
building service as related to the provision of comfortable indoor conditions.
Ideal environmental conditions appear only occasionally and unpredictably in nature. 
Architecture generally strives, at least in part, to meet people's continuing need to 
establish a protected environment that approximates to the sensory conditions with which 
they are most comfortable and at ease (see chapters 1 and 2). In addition to the historical
* In many countries the need to ensure that an indoor environment is healthy, safe and comfortable is a 
requirement embodied in law (eg. the Occupational Health and Safety Acts which place a distinct 
responsibility on the designer, establishing the legal term 'duty of care').
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role of matter to fulfil this goal, much scientific research and technology (information) has 
produced modern, twentieth-century energy-consuming mechanical devices that have 
been carefully designed to simply answer to this demand.
Efficient bioclimatically designed buildings will be those in which the energy 
requirements are minimised (subject of course to other constraints) and those where 
energy needs can be met in ways which minimise the depletion of finite natural resources. 
Current knowledge and criteria of what constitutes energy-efficient architecture comes 
from a wide variety of sources, not all of them concerned with the design of buildings.
The subject of Bioclimatic Design is composite, broad and cuts across several specialised 
disciplines. It has been a popular topic of study for many years. In spite of its deep 
heritage, it is one of the most popular subjects of latest architectural publications, 
conferences, and research. The treatment of this subject has ranged from availability of 
daylight in specific localities, design guidelines, to highly sophisticated mathematical 
modelling approaches.
One might question the actual impact of such new knowledge on architectural design. It 
seems obvious that to be effective, all this knowledge must have creators, agents, carriers 
and consumers. A point to make in this matter is that even when authors try to publish 
updated and revised editions of books on Bioclimatic Design, they are inclined to become 
dated and obsolete soon. Changes in all aspects of the subject are occurring very fast 
now, including the environmental ethos.
This discipline has also been criticised that its approach might result in rigid repetitive 
layouts with little aesthetic appeal. Or that it would be applicable only for low-rise, low- 
density buildings, that it could not be realised in large, complex buildings. Both are based 
on misconceptions. Although referring to Greece, but with a general significance, 
Chrysochoides (1993) identifies some obstacles that seem to be prevalent, he notes that 
bioclimatic and passive solar applications have been limited due to the following factors, 
among others:
- Technical experience is still very limited and skilled workers are very hard to find.
- Many architects and engineers are still reluctant due to limited knowledge on the 
field, and due to some poor examples they may have experienced without being
-^able to evaluate the causes.
- Regulations so far do not promote the use of passive solar systems, and the 
thermal insulation regulation does not include the calculation of solar gains, 
considering only thermal losses from the building to the exterior.
- The general public seems greatly unaware of all issues related to the principles of 
the bioclimatic approach, and understands ‘solar’ only in terms of solar water 
heaters.
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In Bioclimatic Design, scientific and technical approaches are used to learn about and 
improve the environmental quality of architecture. Traditionally concerned with the 
materials and construction of the building’s structure, 'building science' has in recent 
decades expanded into this new field, investigating how the building performs as a filter 
between the external environment and the users within.
Bioclimatic Design principles enable the building to modify the climate to such an extent 
that the users will be comfortable (or at least to minimise the use of energy for 
environmental control). They emphasise all aspects of human comfort, therefore brings 
together a multitude of subjects: ventilation (fluid dynamics); thermodynamics; lighting 
(daylighting and artificial), optics; acoustics, physics of sound; human physiology; 
meteorology, climatology; and geography. The discipline is interested in what is a good 
environment in and around buildings; how one can design good, comfortable buildings; 
how much energy is consumed in maintaining it; and by what technical means can the 
energy use and environmental impact of buildings be lessened.
Much has been said during the past two or three decades about integration of energy and 
human comfort considerations into the design process; relatively little has been achieved, 
although there is some notable progress in many parts of the world.
Bioclimatic Design topics, books and researchers, for example, were until recently 
seemingly remote from public interest. Lately, they have found people willing to consider 
their arguments and elucidation on diverse matters such as insulation, passive systems, 
the greenhouse effect and embodied energy. Many related topics have also found their 
way into the market through new 'green' product development.
Effective popular books have been those which focus on detailed how-to information for 
local resources and regional climates. Some authors have realised that information on this 
subject should be readily applicable and appropriate for a specific place encouraging 
autonomous energy production.
In fact, recent rediscovery and further development of Bioclimatic Design principles and 
techniques have added a dimension to the creative process, they offered sound parameters 
as generators of architectural structure, space arrangement and building configuration. 
Genuine experiences worldwide (eg. the NMB Bank in Amsterdam) have demonstrated 
that a sound example of Bioclimatic Design would not mean any great sacrifices in terms 
of the artistic quality of a building. This particular building shows that it is possible to 
search for an energy-efficient architecture which is compatible with the artistic 
expectations of the time, and that these two objectives are not mutually exclusive.
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Similarly, the design and construction of a building which uses Bioclimaiic Design 
principles and takes optimal advantage of its environment need not impose any 
consequential extra cost, and compared to high mechanically-served buildings it may be 
significantly cheaper to run.
3. 3. 9 - Acceptance and recognition
Worldwide, many organisations were formed during the last few decades to foster and 
facilitate a multidisciplinary approach and collaboration in Bioclimatic Design, which have 
been providing a permanent and consistent forum for discussion. Some are still acting as 
vehicles to bring individuals from the sciences together with architects. To this end, the 
PLEA organisation (Passive and Low Energy Architecture), founded by Arthur Bowen in 
1981, and the ASES (The American section of the Internation Solar Energy Society - 
ISES) have organised a senes of remarkable events and conferences. These organisations 
have published valuable information and are being conducted to strengthen as well as 
expand communication in the field.
The establishment of Bioclimatic Design as a formal discipline has been based upon the 
assumption that conscientious analysis and the responsible application of creative and 
imaginative design ideas are essential prerequisites to good architecture. The fundamental 
principle of this discipline is not concerned with the generation of a new style of 
buildings, or of a fashionable way to design. That is why the discipline has been 
prudently titled 'Bioclimatic Design and not 'Bioclimatic Architecture', as it intends to 
support all styles without prejudice. Its proper application is not supposed to generate 
'bioclimatic', 'passive solar' buildings but good, comfortable, serviceable architecture.
Normally, building design, siting, orientation, fenestration, shading and the construction 
materials provide most of the necessary modifications to yield comfortable conditions 
inside. Perhaps, because there are no moving parts and the work is done by the building 
structure itself, another, almost synonymous term 'passive design' (le. the design of 
passive systems) has emerged.
McHarg (1970) says: "If you look at evolution, whether of atoms or life forms, you will 
seehfiat they always go from simplicity to complexity, from uniformity to diversity, from 
low to a high number of components, from a low to a high number of mechanisms. This 
movement is toward increasing creativity." There is an implication for architects in that, 
they should become prepared and trained in a larger and more complex range of fields.
This is also an effective suggestion for architects to broaden and redefine their on-going 
interests. In order to keep pace with a state of constant and progressive changes, the
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architect should be able to work not only with the general techniques of adapting or fitting 
the new fields of knowledge with the core tasks of space planning and building design, 
but also updating these fields themselves.
The energies of the climate and the ability to modify the micro-climate are issues 
fundamental to the occupants of buildings in a way that many other factors are not. It is 
crucial to the wider diffusion of Bioclimatic Design the realisation that its application 
demands considerable study of the response of human beings to the micro-environment, 
as well as of their requirements from the building which they inhabit. Its basic directions 
have to be acknowledged by all involved in the building industry, for them to be able to 
develop effective means and new solutions to meet man's increasingly complex needs in 
the context of a limited resource environment.
The energy conscious architect's responsibility, so far, has been to understand and to 
create the opportunity for other people to realise that the earth environment is of prime 
consideration; that knowledge of the natural environment as the arena of life and of its 
processes is indispensable for survival, existence, health and even delight; and that the 
environment means complex, dynamic processes which respond to natural laws.
There are ample grounds for contending that what Bioclimatic Design now knows about 
the interactions between people, buildings and their environment is fragmentary, limited 
or inadequate. Very often, however, comments on this discipline's deficiency are based 
upon preconceived ideas and conjectures rather than study and thought.
Kevin Brown, in the foreword to Yannas' book S o la r  E n e rg y  a n d  H o u sin g  D esign  
(1994), observes that while just under half the United Kingdom annual energy bill and 
C 0 2  emissions arise from energy use in buildings, there is a shortage of design 
professionals exploiting Bioclimatic Design techniques. He asserts that this shortage is 
largely because the availability of expertise in this field is still very limited.
Yet it can be ascertained, considering the current abundance of literature on this subject, 
that knowledge exists which is not utilised in the design process aimed at modifying the 
micro-climate around buildings. The designers' inability to turn this available know-how 
into useful concepts may be attributed to several factors:
- Some Bioclimatic Design recommendations, for example, can sometimes provide 
only partial answers to the problem, many of them quite complex indeed. 
Furthermore, the information is compiled and categorised in a reference system or 
assembled in a theory which, for some designers, seems not to lead to a clear and 
direct design decision.
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- The everyday practice of analysing and solving environmental control problems in 
architecture is one that necessarily demands multidisciplinary collaboration. Although 
Bioclimatic Design, by its very nature (like any other specialised discipline), deals only 
with a segment of the total knowledge and of the total environment, it still demands a 
teamwork approach, a method that requires the work of more than one professional. 
This is often unaffordable by the financial constraints of many design projects.
Another way to interpret the lack of applying known technologies is to examine history 
and notice that while people can create new areas of expertise to satisfy their demands, 
they can also ignore particular technologies and allow them to lie idle for long. For 
instance, the legacy of civilisations such as the Minoan and the Roman created 
stupendous achievements of engineering and produced hygienic facilities with piped hot 
and cold running water, water-flushed sewage systems, and steam rooms, and yet, a 
remarkable lack of such facilities could be easily detected centuries later, when a filthy 
urban environment was a familiar scene, while the basic technology had been for long 
discovered and at the time considerably more advanced.
Still, a building of high artistic merit in visual terms alone, can be perfectly admissible in 
architecture. Fitch (1961; 1972) and Banham (1969) comment on some examples of 
buildings of widely acknowledged artistic merit which are both shoddily constructed and 
very uncomfortable to live in. A beautiful and celebrated building can be badly built or 
perform its required functions quite inadequately.
Many authors have pointed out how cities were designed, oriented and located with full 
cognisance of the forces of nature and with an intuitive understanding of them, one can 
only sadly contrast this with the way things go about nowadays, even when information 
and technology is available. Langdom (1972) remarks:
We have all kinds of textbooks and technical qualifications but hardly any sort of basic intuitive 
feeling for die problems. I am compelled to ask myself seriously ...How far die elaboration of data 
banks of computerised information is going to help us get back to a feeling for die problem'.’ 
somednng which few people today, even architects and planners seem to have.
In considering the emergence of Bioclimatic Design as a body of knowledge, architects' 
conventional modes of thought have to be discussed. It has already been stressed 
elsewhere that the building envelope should be understood not just as a simple, static, 
physical barrier or as the opportunity for visual delight, but rather as a dynamic, 
interactive, permeable fabric with the potential to select - admit, reject or filter any of the 
environmental factors surrounding the building.
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Alternatively, a building can be designed for the 'exclusive mode' which tries to seal out 
the external environment and rely largely on mechanical systems and energy consumption 
for the quality of its environment.
But with the need to conserve energy since the early 1970s and current concerns about the 
global effects of buildings, the generation and wastes of energy, interest in Bioclimatic 
Design has been renewed and further extended. Reducing or eliminating the need for 
mechanical support reduces the depletion of non-renewable natural resources. Increased 
awareness of unhealthy environments has also prompted a more acute judgment on 
mechanical support, in favour of passive, more natural principles.
Today these two basic streams of architectural design are giving rise to new approaches 
generated by the combination of their basic types of systems. Bioclimatic Design assumes 
that by means of a detailed and accurate design that is attentive to the energies of a specific 
site, the local climate around a building or building cluster can be substantially improved 
for human comfort. The climatological elements can be modified up to a certain limit 
through the orientation, aerodynamic form of the buildings and choice of building 
materials (according to their variable insulative and reflective properties). If the micro­
climate is going to be affected over and above this purely passive influence, recourse 
must be made to mechanical systems which perform special services.
Historically, Bioclimatic Design has meant designing for the 'selective mode'. The 
environmental control in architecture has historically depended predominantly on the 
'selective' admission of substantial components of the external environment into 
buildings. This has been a practice developed by gradual accumulation of real experience 
and imitation (without critical assessment of the problems and potential benefits as no 
scientific theory was available before).
This discipline has become a complicated study that accommodates many variables, 
conditions and meet many requirements. In dealing with this subject, one has to face the 
dilemma that, although a comprehensive body of theory exists to explain the whole 
phenomenon of energy in and around buildings and its effect on human comfort, it has 
not been fully integrated into architecture.
Degree courses in architecture have proliferated and in many, Bioclimatic Design (or the 
same subject under another name) has become increasingly influential. Postgraduate 
programmes in this subject are now available on a number of universities. Several 
postgraduate courses leading to Diploma, Masters or PhD degree were developed in 
many countries, with extended areas of study in ventilation, lighting design, building 
climatology, acoustics, human comfort, solar technology, computer simulation,
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environmental technology, mechanical systems for environmental control, building 
thermal performance, climate and energy.
3. 3. 10 - Achieving maturity
Before the appearance of modern environmental control systems (electricity and the 
HVAC machines), all buildings were designed to use the natural energies of the climate. 
The consumption of energy through such active systems has released the traditional role 
of building envelope, form and fabric from controlling the energy How between people 
and the environment.
The last two chapters (2 and 3) have studied how, over the last two centuries, architects 
have steadily been engulfed by an ever growing volume of scientific and technological 
information concerning many aspects of this mutation. Efforts have been made by the 
profession either to foster some (to make designers more scientifically literate) or dismiss 
part of this information (to make the subject more easily useable).
Several recent books and magazines have been concerned with designing for low energy, 
passive buildings (an area that has been practised, if not necessarily explicitly 
understood, for centuries). They continue the tradition established by the Olgyay 
brothers by propagating application techniques by which architects can translate climatic 
data into specific design solutions.
It is becoming possible now to produce elegant, integrated and effective bioclimatically 
designed buildings, demonstrating the benefits of incorporating scientific thought and 
advanced technology into the language of architecture. The widespread application of 
Bioclimatic Design techniques holds manifold benefits for the global community. In 
addition to the global environmental claims (see chapter 4), another advantage is the 
potential of cost-effective, passive space conditioning in areas where costly and power- 
dependent active systems are not attainable.
The practice of Bioclimatic Design is now enriched with scientific and new technical 
knowledge. Its wide acceptance has started around the beginning of the late 1970s - early 
1980s and is spreading to more and more schools, architects and the public. Each country 
now has a rich collection of applications of successful models (especially residential, 
commercial and educational buildings constructed at a wide range of microclimatic 
conditions). In some cases various systems - active or passive - were extensively 
monitored, and the user’s influence and appreciation of the design has been recorded.
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Although there are numerous such applications, they are still a small fraction of all 
buildings produced. However, their significance is becoming more relevant. Still 
uncertain about its title, Szokolay (1970) points out that: "Environmental science 
(whether this, or some synonymous term is actually used) is becoming a subject area of 
increasing importance in most schools of architecture. Much of its content is not entirely 
new, but new and by no means generally accepted is its coherent treatment."
He maintains that before the Oxford Conference in 1958 the content of this subject was 
rather limited (ie. daylighting did not occur in most syllabi), and some environmental 
topics such as acoustics and thermal performance were treated in isolation and very 
insufficiently.
As discussed in section 3.2, Bioclimatic Design matured and came to the point of being 
regarded a compulsory course. Out of the efforts of many pioneers from different 
disciplines has come the actual recognition of its whole field as an identifiable and 
increasingly important body of knowledge. The extent of such recognition can be 
expressed by the volume of specialised journals and books; by the recent establishment of 
specialised laboratories and research groups within universities throughout the world: by 
the proportion of time and resources allocated in this field by some faculties for teaching 
undergraduate and postgraduate students; by the interest of local and federal governments 
in encouraging energy conservation, specific building regulations and public awareness; 
by the number of organisations, people and professional institutions concerned, and so 
on.
This contrasts greatly with the situation just before the 1950s when ‘building science’ 
specialists in architectural schools, coming from different backgrounds, were completely 
uncertain of their role.
Hillier (1972) assumes that the environmental science group of disciplines has been 
probably the latest development in the architectural curriculum, crystallising in the past 
few years around the concept of a building as a dynamic climatic modulator. It includes 
the role and effect of the building services installations and equipments and other fixtures 
which make the final refinements between the human occupier and the external climate. It 
also incorporates the vast knowledge base which is not directly rendered by science, such 
as that included in history, philosophy, environmental ethos and cultural tradition.
This discipline has served very effectively as a conceptual basis for the observation, 
understanding and manipulation of the actual, complex energetic phenomena affected by 
the environment and people within buildings. It contributes by adding potential and
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limitless elements of design, concerning these dynamic interactions (between people, 
buildings and the environment) the to the final architectural product.
Architects today are expected to respond more readily and more competently than they 
traditionally did. Science-based disciplines have facilitated efficiency and great 
achievements in many design-related fields; they have developed and elaborated more 
knowledge and tools; they have promoted effective design solutions and construction 
methods by means of sophisticated computer analysis. Thermal, lighting and acoustic 
simulation programs, for example, are now available to calculate and estimate loads and 
specifications with a reasonable degree of accuracy.
3. 3. 11 - The Bioclimatic Design approach
Architecture has always interceded between nature (unevenness) and the human (orderly) 
environment, it has regularly meant a sharp distinction between these two realms. The 
recognition that all bioclimatic issues concern the degree of connection or disconnection 
between these two environments makes this subject very interesting.
Invariably the search for a balance involves the manipulation of certain architectural 
features and elements, which are capable of inspiring and generating elegant expressions 
in architecture. This can affect the shape and form of buildings, and can produce artistic 
values as well as sound scientific, physiological and technological outcomes.
Fitch (1972, p.2) recognises the potential contribution of many disciplines and advocates 
a holistic, multidisciplinary policy to approach the problems of design in architecture:
For architecture - like man himself - is totally submerged in the natural external environment. It can 
never be felt, perceived, experienced, in anything less than multidimensional totality. A change in one 
aspect or quality of tins environment inevitably affects our perception of and response to all die rest. 
...Far from being narrowly based upon any single sense of perception like vision, our response to a 
building derives from our body's total response to and perception of the environmental conditions 
which diat building affords. It is literally impossible to experience architecture in any 'simpler' way.
The bioclimatically designed, passive, low-energy building must be visually logical - 
conforming to and integrated with its environment, in harmony and a part of the total 
environment. The benefits of designing this way are not only practical but also aesthetic 
and sensory. The clarity of purpose should reflect the evidence and a good reason for 
more people to become aware of the benefits and rationale of this approach.
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This original approach can bring endless variety in architecture, after all of the shading, 
ventilation, insulation, fenestration, orientation, heat or cold storage have been optimised, 
much about the physical and visual characteristics of the building will be determined.
Section 2.5 discussed the critical reduction in use of matter in architecture. It is important 
to note that traditional, vernacular architecture hardly differentiated the major building 
components; from the single Aboriginal shelter to the Renaissance cathedral, the 
enclosing media and structure were conceived as one. Currently, the sway of 
industrialism has led architectural design to the situation where buildings are thought of 
in parts and specialised segments.
Architecture and its practice are being gradually fragmented and thus in risk of losing its 
unity. Buildings, both conceptually and physically, are divided into many different 
systems and components; structural, mechanical, electrical, acoustical, thermal, security, 
internal planning, external (cladding), etc. What used to be the responsibility of a master 
builder is becoming a cluster of completely separate fields of expertise (the staff 
subdivision of (big or medium size) architectural firms mirrors this fragmentation). A 
possible consequence of this is that each field may develop as a separate practice or 
discipline. Undeniably, architectural design has to deal with many complex problems, but 
they are all interrelated and consequential issues.
Throughout the history of architecture many changes in construction techniques have 
developed. The escalation of changes in building materials, techniques and services 
which has taken place in the past century is just unprecedented. To undertake a successful 
design using current knowledge and materials, the designer must consider integration and 
coordination of all disciplines involved.
It is curious that the establishment of Bioclimatic Design has coincided with a striking 
increase in the rate of scientific and technological progress, not only in its related fields of 
interest, but in other less conspicuous activities. At the same time, multidisciplinary 
approaches to design have been developed.
From the accounts of bodies such as the International Energy Agency (IEA); the 
International Union of Architects (UIA - Building Energy Group); The International Solar 
Energy Society (ISES- Building Group), PLEA, the ANZAScA (Australian and New 
Zealand Architectural Science Association), etc. and many recent individual papers on 
this subject, it seems evident that a major dilemma in achieving successful results in 
advancing Bioclimatic Design lies decisively in the fundamental alienation between art 
and science in architecture.
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It is opportune to ponder that with the growing technology, complexity and specialisation 
of modern civilisation, the ability of the artistic and the scientific sectors of the society to 
communicate and understand each other only gets worse. This demonstrates that 
professionals dealing with Bioclimatic Design will have to face an increasing likelihood 
of unwillingness, incompatible coexistence and antagonism.
It is this dilemma that, at least in part, elucidates the reduced status of fundamental topics 
like climate, energy and human comfort among many architectural students and 
practitioners. A preconception persists in thinking that the subject matter is not relevant, 
all too difficult and that an architect who does not include Bioclimatic Design 
considerations is inherently smarter, 'free' or more artistic, because it has been 
incorrectly assumed by many that science mutilates imagination, art and creativity.
Of course, one can restrict architecture primarily to the aspects of how buildings appear 
visually. Frampton (1985, p.13) calls such approach formalistic rationalism, and as a 
result of it, buildings are shaped as sleek objects, the forms and appearance of which are 
supposedly so transparent and self-evident that they would leave no doubt for anyone as 
to what their purpose or meaning is aiming at. He suggests that much of architecture 
today follows its own rationale outside of human needs, or else, serves the interest and 
growing imperatives of consumerism, which frequently propagates superficial and 
seductive embellishment and the meaningless application of forms wherein banality or 
speculative false reality is a substitute for real experience.
Whether or not scientific thinking and analytical methods were given sufficient time and 
consideration in architectural education and practice, and, what should be done about it, 
are highly debated issues that have persisted for some decades now.
The general aim and purpose of Bioclimatic Design approach and reasoning has not been 
a clear topic for the profession as a whole. Many distinguished architects and academics 
have regarded the whole subject as foolishness, and many remain sceptical, espousing 
the assumption that architecture, apart from the structural firmness, the conveniences of 
water pipes and electric cables, is a highly intuitive and artistic enterprise.
Courses in the parent disciplines of Bioclimatic Design have been originally taught by 
non-architects; professionals with a different background, most usually from civil or 
mechanical engineering. Schools of architecture used to hire scientists or engineers to do 
this job , but it didn't work well, the desired unity between art and science was 
impossible. These outsiders couldn’t speak the language of architecture. *
* Issues discussed in private conversation with Steve Szokolay
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It is currently possible that a significant number of architects have graduated or 
specialised in this field and they seem capable of understanding and applying all the 
scientific principles referred to in the technical sections of the classic treatises on this 
discipline. These architects can thus work as problem-solvers in the context of predictive 
knowledge-generating subjects.
By making an effective, consistent and direct request to students and architects to 
abandon their unscientific methods, repeatedly, now for over two decades, professionals 
in the field of Bioclimatic Design have eventually achieved the desired intent. The influx 
of new scientific disciplines into the curriculum of architectural courses has increased the 
content of the courses and has produced stimulating findings.
There is little doubt that in near future a greater and healthier influence of this branch of 
knowledge will be assured in the configuration of the built environment. It is hoped that 
with the demise of Postmodernism, there will be a return to more responsible practices, 
this time in a more integrated form.
Degree courses in Bioclimatic Design are growing in number worldwide. Postgraduate 
courses and scientific research on this field are advancing at a great number of well 
known universities and research centres.
To urge that energy issues should be considered both in the design and educational 
process is not to imply that they should be given absolute prominence (they promote 
human survival and well-being, not luxury). To allege that science is an ally and not a 
detriment to creativity is not to imply that architects have to leave their studios and work 
in laboratories.
The formal inclusion of Bioclimatic Design in the architectural curriculum and practice 
was not done with the intention of changing architects into scientists or technologists. 
The idea behind all the efforts has been to encourage architects to take the sciences and 
the technologies and put them together in the creative synthesis of design.
Applying Bioclimatic Design principles is a process of selectively using the total spectrum 
of environmental sciences and architectural technology to produce buildings which have 
minimal impact on the environment and provide healthy, comfortable conditions to their 
users.
It should be remarked that in Bioclimatic Design there is no motivation to replace intuitive 
design by purely scientific analysis. It does not insinuate any denial of the architects' 
creativity and imagination, but rather to make designers recognise unequivocally that the
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science they use is a means to an end. It is absurd to deny the usefulness of a whole body 
of knowledge which has shown to be really effective in translating design intentions into 
a physical reality.
Recently architects have regularly expressed their need for predictive tools; a desire to be 
sure in advance that the buildings they design will have a positive, beneficial effect upon 
the users. A point that has been consistently made along this thesis is that good 
architecture demands more than just good intentions. The public is getting well informed, 
and with useful energy and matter becoming scarcer, while unmet needs for shelters are 
apparently increasing, clients and building users want plain evidence that the design will 
satisfy not only their needs, but also those of the natural environment.
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Summary - Chapter 3
This chapter reasoned that the more conventional practice of architecture developed on a 
problem-solving basis which consolidated upon information derived from life experience 
in the form of traditions, rules, value judgements, preferences, canons, tastes and 
fashion. Throughout the centuries, buildings were designed to use the beneficial aspects 
of the natural climate through building form and location, window arrangement and 
materials selection, using natural ventilation for summer cooling and solar orientation for 
winter heating.
Mace (1986, p. 114) suggests that the practice of pupillage began to die out on the 1920s 
with the increasing availability of architectural schools (academic education). Section 3.1 
concludes that even with the systematisation of the training of the architect in the first 
decades of this century, the importa5le of energy in the built environment was still not 
categorically considered.
Two major influences on current architectural education were analysed; the B eaux  A rts  
system which had its origin in France and existed from the 1800s to the 1950s; and the 
Bauhaus in German from World War II to the present. The B e a u x  A r ts  system 
emphasised the study of the classic styles, while the later Bauhaus searched for unique 
solutions that were responsive to function, materials, and methods of construction. It is 
clear that the common intellectual tradition of architectural education has emphasised 
precedent and adaptation rather than knowledge development.
Bioclimatic Design as a discipline, in the way we know it today, is certainly not the result 
of an individual initiative or invention. It is rather a formal attempt to systematise and to 
make available the old, well diffused knowledge of how to incorporate energy 
considerations into a unique design resolution. Intelligent responses in Bioclimatic 
Design, before its systematisation, have been at the root of many architects’ work. They 
often demonstrated a subtle and sophisticated understanding of environmental problems 
which were derived, one may suspect, from observation, since the published scientific 
literature on the subject was scarce and patchy, to say the least.
Although current ideas on Bioclimatic Design have taken a long time to become -
established, it is vital to note that, even in their incomplete form, they had much to 
contribute to fundamental concerns; human health and well-being, and the reduced 
environmental impact of human settlements.
Remarkable individual attempts were made to stress the significance of designing with the 
energies of the climate during the first half of this century (eg. Hannes Meyer in
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Germany, S.J.Richards in South Africa, Paulo Sd in Brazil, R. O. Phillips in Australia. 
Paul Siple in the United States). However, they could not lead the general insensitivity to 
environmental and energy issues to a very positive direction forward; the knowledge and 
fundamental concepts were fairly inadequate at the time. With the development of compact 
heating and cooling equipment in mid-twentieth century and with the availability of cheap 
energy, mechanical heating and cooling were increasingly relied upon, eventually to the 
extent that local climate was ignored as a design criterion.
This chapter stressed that current knowledge of architecture has developed on various 
assumptions and has been based on various technical and philosophical views of nature 
and of the creations of human civilisation. Musgrove (1973) indicates that in any 
pragmatic activity, theory is the essential link between science and action. Without theory 
and its classificatory, routefinding possibilities, design is likely to remain, even in a field 
of endlessly proliferating scientific 'information', a kind of craft without ideal or strategy.
Since the Second World War there has been a continuous advance in scientific theory and 
its application in architecture, and this growth appears to have been accelerated in recent 
years. Contemporary architecture has been more and more based on objective domains: 
architects nowadays are being required by the nature of their education, by their clients, 
the public and their peers to consider, when making decisions, complex demands and 
coherent procedures about problems relating directly and explicitly to the well-being of 
building users, to the quality of life and the environment of this planet.
Unlike the old-fashioned educational system, modern scientific knowledge (even that 
diffused through mass communication media), tends to be practical and geared to 
emphasising experimentation, change, discussion, and people's ability to manipulate and 
revise a given order. Such approach sees people not just as passive receptacles but lends 
them support to rework a given structure as well as the social and natural orders. It has 
encouraged and created an expanding body of experts who believe people can understand 
and control certain natural phenomena, including the internal environment of buildings.
It was only in the 1950s, 60s and 70s that the concept of Bioclimatic Design seemed to 
have developed and matured sufficiently to be taught as an applied design approach. 
Predominantly, studies and research in this field have been concerned to a large extent 
with rediscovering what ancient builders knew by pragmatic experience.
An important point made throughout this chapter is that, one will not understand the role 
of Bioclimatic Design by just examining its form and content only, but rather by 
considering and studying the idiosyncrasies of those who create it, apply it and use it.
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This chapter made clear that architects have been increasingly confronted by 
circumstances which force them to advance to new boundaries of knowledge. Although 
part of an innovative design solution can be made by reasonable speculation and common 
sense, a great deal of it can only be developed by more accurate methods. Efficient and 
comfortable buildings and their components or technologies can only be brought forward 
in the way by which science is formulated and constructed - by systematic study and 
research.
Bioclimatic Design developed having as its central concern the question as how to 
manage the environmental factors in and around buildings to improve the comfort, health 
and well-being of their users. It deals with an environment in which people are the most 
important part. In the urban setting, where the majority of buildings are, the environment 
is much more complex than the natural (because of increasing pollution, it can actually be 
detrimental to health).
An assumption that can be made is that the work of an architect who relies heavily on 
conjecture, chancy and personal impressions can nowadays become unreliable, 
unproductive, defective, at times dangerous, and even end in court. As it was argued 
before, professional competence and the rigorous application of accurate knowledge is a 
clear trend for a modern architectural practice.
The 1970s shortage of energy caused the rediscovery of Bioclimatic Design. It now 
persists with fresher public concerns (eg. healthy buildings, greenhouse effect) to further 
become a responsibility to conserve all forms of non-renewable energy resources and to 
make architecture a sustainable practice in harmony with the environment.
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Chapter 4 - Current relevant issues in Bioclimatic Design 
Introduction
It is remarkable that almost all other human artefacts have come to a great degree ot 
perfection through a long and continuous process of reproduction and standardisation. 
Broadbent (1973, p .418) asserts that there is one very good reason why no building 
ever can, or should, be an exact copy of another: "Every building occupies a site, a 
unique piece of ground and if it works well on that site then it cannot work so well in 
every respect on any other site, however close. It may work particularly badly in fact, if 
an identical building is built next to it."
Having remarked some particular aspects of the energy flow between people, buildings 
and the environment, it is purposeful to emphasise that all design decisions made early at 
the drawing board can have a direct bearing on the wider context of the flow and 
availability of matter and energy in a given place.
This study considers that an important universal claim is the optimum use of resources 
(matter, energy and information). Which, if generally endorsed, can confer a great 
benefit to humanity as a whole, including future generations. This chapter will discuss 
issues which are central to the decisions architects and the society must make at this time 
and in the decades ahead. As an initial part of the conclusion, it presents some remarks 
concerning new directions in further research in this field.
This chapter concisely presents the latest global environmental issues which are 
demanding very pragmatic and prudent approaches to the design of buildings. Clearly it 
is not a conclusive or circumscribed account; it rather discusses the role of the 
environmental ideal and the changes in the architectural responsibilities of the present. It 
considers the introduction, after the energy crisis of the 1970s, of new design 
approaches, services and standards relating to energy conservation, indoor climate, air 
quality and so forth. Following from these, come the changing architectural paradigms 
such as green architecture, eco-architecture, alliances with nature, healthy buildings, 
energy data bases for buildings and the rediscovery of regionalism.
4.1 - Regionalism and Internationalism
"If our designs ...are to be correct, we must at the outset take note of the countries and climates in 
which they are built. ...Thus we may amend by art what nature, if left to herself, would mar." 
(Vitruvius: Book VI, Cap. 1)
This section deals with the critical connections between culture, technology and the 
position of Bioclimatic Design in architecture. It involves basically the ongoing
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controversy between the impersonal, international standardised architecture (which 
disregards the influences of local materials, the energies of the climate and local culture) 
and the localised, regional, vernacular architecture (which is fundamentally based on 
matter, energy and information available locally).
An argument exists between these two predominant schools of thought. It actually 
became one of the main issues of the current discourse on architecture (eg. Frampton 
1985; Cook 1987; Rapoport 1990). On one hand is the idea that architecture stems from a 
universal basis (a sort of generalised response to design criteria). This tendency is 
popularly characterised by an architecture of high-tech aesthetics and peculiar forms. On 
the other hand is the concept that architecture should be place-specific; stemming from a 
genuine response to social, cultural, climatic and regional considerations.
The notion of ‘regionalism’ is particularly meaningful for the object of the present work; 
it renders the potential of making architectural diversity and similarity (a topic previously 
discussed in chapter 1), objectively understandable in space and time. What is meant by 
'diversity' here is the totality of differences, not only those of visual or physical nature 
but also the behaviour of building users which are affected by the magnitude of the 
density in the flow of matter, energy and information simultaneously incident on a given 
place (causing different expressions in the formation and use of the built environment).
Clark (1975, p.4) correlates energy with human culture. He proposes that the place of 
human values in 'high-energy' societies is subordinate to the value of the industrial 
machine, the value of competition and the value of technology. In 'low-energy' societies, 
values arise from the interactions of individuals, families, communities, villages and 
tribes, because work and life experiences are essential and, as such, are shared. He 
suggests that high-energy societies disrupt this decentralised social organisation and 
replace many of the functions of man with the energy-subsidised machines.
4. 1. 2 - Definition of ‘regionalism ’
'Regionalism' as an architectural expression and as a design goal implies a project fit to 
the region. By looking at the fabric of buildings and existing cities, one can discern that 
out of the cultural, material and energy traditions, the most common features of regional 
architecture evolve; combining matter (local materials), energy (climatic effects) and 
information (cultural experiences).
The term 'regional' applies when a building develops as an integration of the energies of 
climate, resources and culture. Architecture, as the human expression most closely linked 
to socio-economic structures, inevitably reflects the (matter, energy and information)
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resources and the conditions of existence of a society. If the architect ignores the 
consequences of place-specificity within the built environment, he can only assume that 
the visual and physical qualities of architecture are just arbitrary expressions.
Some specific examples of regional architecture, including the use of high thermal mass 
materials (ie. mud or adobe, to control diurnal temperature swings in arid regions); 
methods for natural ventilation in humid climates; the control of solar radiation, and its 
absorption or reflection through the colouring of building surfaces; and the use of 
shutters and other shading devices, are well documented and discussed in Moholy- 
Nagy's N a tiv e  g e n iu s  in a n o n ym o u s  a rc h ite c tu re  (1957); Rudofsky's A r c h ite c tu r e  
W ith o u t A rc h ite c ts  (1965); in Olgyay's D esig n  w ith  C lim a te  (1963); and in Rapoport's 
H ouse, F o rm  a n d  C ulture- (1969).
The Latin word ‘reg io ’ means boundary line, but also district or territory and figuratively, 
sphere of influence. According to Rapoport (1990):
‘Region’ originally referred to political control (from the Latin r e g e r e ,  to rule or govern), li is still 
used in political science and international relations to refer to the territorial basis of government, but 
it has also been used to study the arts and aesthetics. There are ‘regional painters'. ...Natural regions 
have been defined on the basis of climate, vegetation, and soils, and their landscapes have been related 
to geomorphology and regional geology.
‘Region,’ in Curtis’ definition (1986), is at the very best a hazy notion. It may refer to the 
distribution of racial or ethnic groups; to common geographical or climatic features; to 
political boundaries de-limiting a tribe or some other federation. Rarely does it make 
sense to make a direct equation between region and nation, or between region and 
religion. In these circumstances it is necessary to beware of deterministic arguments that 
jump automatically from one region to one set of forms.
Generally, humans have the ability to get physiologically and socially adjusted in the way 
they dwell, live and interact with the natural and the built environment. They can become 
so used to their customary and daily routine, that they often tend to think that distant 
people conform to similar patterns, where in fact there is enormous variety. As Burnham 
(1988) puts it:
The living and built expressions of a specific culture and tradition are helpful signs of one’s identity 
a^nd individuality. Usuially they are not easily recognisable by a participant of dial tradition; the 
adopted common values affect the whole of people lives, their living habits, their choices, their 
dreams, their convictions, their food, their clothes, the design of their buddings and how they are 
grouped together. All these aspects are taken so much for granted that it is only when people have the 
opportunity of meeting a totally different culture and a different climate that they notice their own.
Cultural and architectural traditions have been fairly dominant forces in the past, before
the influence of industrialisation and mass media, especially in remote locations
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unaffected by industrialisation. Buildings, language, music, dress and ornament, food, 
social relationships; all those aspects of culture, value, belief and habit that individualise 
each human being and culture form the essence that distinguishes one group or people 
from another (Hall 1977).
’Regional’ evokes the notion of some sort of identity within a geographical area. Over 
wide areas of many countries there is a distinctive 'sameness' in architecture. The 
relevance of regionalism to the present practice of architecture has been rather 
controversial. Possibly the legitimate notion of identity has been confused with the artistic 
notion of style or fashion.
Vitruvius' guidelines (1970) for the construction of cities, temples, Roman baths and 
houses all related to climatic aspects of individual sites in a regional context. He pointed 
out that each region would foster a different style of construction: "One style of house 
seems appropriate to build in Egypt, another in Spain, a different kind in Pontus, one still 
different in Rome, and so on ...It is obvious that designs for houses ought similarly to 
conform to the nature of the country and to diversities of climate."
Regionalism can promote the informal development of personal and communal values. 
Ferguson (in Collins 1967, p. 142) was aware that architects before the sixteenth century 
had not been concerned with either the past or the future, but only with the present. He 
was convinced that their buildings, like the current buildings of the Chinese and Hindus, 
were a natural and inevitable outcome of the social structures within which they were 
produced.
Cook (1987) suggests that regionalist architecture is never neutral since it is rooted in a 
particular people and place. Its potentials for polarities have yet to be explored. The term 
‘Regionalist’ denotes the dominance of regional considerations in designing the human- 
made environment.
Curtis (1986) remarks: “Regionalism looks for sustaining spiritual forces and refuses to 
accept that a tradition is a fixed set of devices and images. It sees the past as a series of 
superimposed layers of inventions. ...It identifies many of the most relevant patterns for 
dealing with climate, local materials and geography.”
He points out that regionalism is inevitably involved in the struggle between city and 
country, industry and handicraft; peasant values and the uprootedness of the metropolis. 
Just as traditionalism is a reaction against loss of continuity, so regionalism is a 
restorative motive supporting the harmony between people, their artefacts and nature.
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The building industry has reputedly been one of the most conservative businesses. 
Fitchen (1988, p.36) asserts that until quite recently it has been least subject to 
progressive practices and least disposed to abandon traditional methods. He emphasises 
that this persistent conservatism generally accounted for continuity in the life style of a 
people, even in the face of hostile circumstances. It gave them an indispensable sense of 
community, participation and shared identity.
Architecture becomes ‘regionalist’ when designed to respond to a particular cultural and 
environmental context. Broadbent (1973, p.30) explains that there arc reasons for 
retaining an established, local way of building:
A craftsman spends long years acquiring the skills and aptitudes of his craft, learning die nature of his 
materials, care for tools, etc.. Once he has become a master of his craft these traditional ways will be 
built deep into his consciousness; he will have acquired patterns of coordination between hand, eye and 
brain which he will not wish to abandon; his interest will be in passing on these secrets to another 
generation.
Architecture shelters the many social, cultural, economic and religious realities of people. 
The various built environments, the various communities and even the many individuals 
mature and evolve under different circumstances, restrained by the prevalent flow of 
matter, energy and information shaping such realities. The diversity, complexity and 
cultural significance of much that is admired from the past was partly the outcome of a 
rational and sensitive relationship to the land and its climate; according to Markus and 
M orris(1980, p.3), "a relationship which we should seek to re-establish.”
Before the advent of industrialisation, life was everywhere predominantly local. 
Convention, precedent and tradition were shared interpretations of values which had been 
persistently established. They have gradually evolved in response to the use and 
availability of material resources, the nature of the climate, the quality of energy sources, 
religious creeds, among other factors.
Architectural theory and history have traditionally been concerned with the study of 
unique monuments. Rapoport (1969, pp. 1-2) asserts that this approach has stressed only 
the work of a few talented architects, covering just the unusual, and this has represented 
an insignificant portion of the building activity at any given period. He suggests that if 
one wants to understand architecture, one must consider the totality; if one looks at a 
building in isolation, he will not grasp its complex and subtle relation to the vernacular 
matrix with which it forms a total spatial and hierarchical system.
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Some authors find it appropriate to employ this term when referring to certain kinds of 
architecture which are produced without the intervention of the architect (eg. Moholy- 
Nagy 1957; Rudofsky 1965). However, it has been in vogue these days, since the 
energy crisis and the ensuing development of a new environmental ethos, to take the 
meaning of the term ‘regionalism’ to buildings which are attached to a specific place and 
feature common characteristics such as material, cultural or climatic.
Urbanisation combined with industrialisation seems to have caused one almost universal 
effect; the breaking down of the traditional cultures (mainly of those who migrate to the 
cities), with a consequent loss of roots or alienation (P.C.W. Gutkind 1974). Mass 
media has a tendency to generalise and oversimplify everything. Mass production, mass 
consumption, mass housing, mass transportation and fast food have turned into major 
characteristics of the industrial societies.
In the preface of his book, Fathy (1986) writes that with the advent of the Industrial 
Revolution, the inherited techniques and knowledge of creating, using handmade tools 
have diminished man's personal, intricate contribution to the fabrication of objects, the 
building of structures, and the growing of food. "The lesser the challenge for man to 
imprint his genius, the less artistic is the product. The resulting economic and political 
disturbances are visible today, Production of beauty, once the prerogative of millions, is 
replaced by industrialisation, under the control of a minority of owners.”
It is a fact that the world today, especially in large cities, is generally dominated by mass 
activities; mass production, mass consumption, mass planning and so on. People’s 
convictions are strongly moulded by mass media, and their leisure time filled by mass 
entertainment (McLuhan 1989). Big multinational corporations and huge government 
organisations impose more and more of their views on people’s lives by means of very 
effective information technologies.
A remarkable example of these forces and influences can be noticed in the tropical humid 
climates where people used to live almost naked (they still do in some remote areas of the 
tropics like the Amazon, Papua New Guinea, Fiji, etc.), so that the breeze could cool 
their bodies. Industrialisation and mass culture have brought fans, air conditioners, jeans 
and the widespread notion that nakedness is immoral and primitive.
Oliver (1973, p.228) notes that in many countries, technological development and the 
growth of mass communication has resulted in a partial erosion of regional differences. 
Breese (1966, p.7) suggests that the distinction between traditional and modern societies 
can be understood in terms of the contrast between informal controls, affectivity, and 
consensus in the former, and impersonality and interdependent specialisation in the latter.
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As the current tendency of industrial societies is indubitably to create a greater uniformity 
of human needs, customs, fashion, diet, culture and political institutions, a bland 
greyness results. The lack of distinctive character and opportunities for individual 
references have become a serious problem for everybody living in large cities.
One should not underestimate the potent effects of ‘massification’ on people. Even the 
most convivial person would not tolerate modem urban life without regular occasions lor 
private affairs, seclusion, reflection, and so on. Being mostly of non-productive nature, 
these exercises often require enclosed, individual spaces, free from intrusion and 
distractions. Kira (1976) suggests that the current disgrace of the urban people’s inner 
life can be well exemplified by the fact that practically the only place free from intrusion is 
the private toilet.
Considering that industrial, urban life is quite a recent phenomenon in human history, 
one should to bear in mind that for a very long time people were socially organised in 
small groups. Every aspect of communal life was everybody’s business. Most people 
rode horses for transport, and cultivated the land for their living; communications relied 
on personal, face-to-face contact, and people usually did not know what was going on 
outside their village or town.
Because the level of information and the forms of energy used were relatively ineffective 
(trains, motor vehicles, telephones, telegraph, radio, tv, aircrafts, and so forth did not 
exist), the lines of both communication and transport in pre-industrial societies were few 
and rather tenuous, providing only a brief contact among cities, and between urban and 
rural areas. This made contacts among people limited and consequently the diffusion of 
information and technology was also very slow. Most persons communicated with one 
another through oral methods, and because of the poor transportation, the number of 
such contacts was restricted, even within a city.
The structure, size and shape of pre-industrial cities clearly demonstrate the amount of 
energy they had at their disposal. Owens (1986) asserts that historically, both the nature 
and the availability of energy sources have affected the spatial organisation of society at 
all scales. The tight narrow streets of medieval towns,.the compact cluster of houses, 
shops, markets and workshops were built this way because it was the only way to make 
them work with the amounts of energy people could harness at that time (Foley 1976).
Humans had nothing but the energy of their own bodies and of their domestic animals to 
build, to do work and to transport goods and themselves. Therefore all necessities of 
daily life had to be located within walking distances. Architecture had a human scale, 
buildings and urban spaces were designed with reference to the physical attributes and to
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the biological essence of the human body, and not to the power of electro-mechanical 
devices, like they are today.
The capacity of human's muscles and animal power represented limiting factors in 
architecture. The reach of a domestic animal could limit the area of hinterland from which 
a city might draw its food supplies. There were no refrigeration devices, the population 
of a city was restricted to that which could be fed from the fresh food produced within, at 
most, a couple of days' journey by animal cart (Foley 1976). Poor communications 
resulted in regional integrity and self-reliance on indigenous resources and circumstances.
It is very important to emphasise the issue of 'people's competence', rather than 'energy 
availability’ in itself, as a major determinant in the configuration of the built environment. 
Hidden energy resources were certainly more abundant than they are today, what was 
absent then was the experience, the knowledge and the information to make use of them.
4. 1. 4 - Regionalism is not a style
Darwin's book O rig in  o f  Spec ies  (1909) remarks that one must look at every complicated 
mechanism and instinct as the summary of a long history of useful connivances much like 
a work of art. One obvious relevance of his theory of natural selection to the study of 
regionalism in architecture can be the relationship of form to environment.
Burnham (1988) writes that humans set themselves up by virtue of their context or 
environment, with which they are integrated and on which they depend. They rely on 
their environment both for building materials, for food, and for their experience, which is 
employed to secure integration of their personalities.
History shows that people everywhere appear to have learned to interact with their climate 
and the resources offered by the surrounding, regional environment. The rigours of the 
climate, and the limited resources of the landscape imposed the search for valid 
architectural solutions for human survival, comfort, and well-being.
Regional architecture can be studied as the interconnections between the energies of a 
given environment, the materials of the surrounding landscape and the prevalence of 
certain architectural solutions. It represents the product of a long process of succession, 
adaptation, and acclimatisation, seeking for a dynamic equilibrium with its environment.
Vitruvius’ (1970) and Alberti’s (1955) early advices on site and building orientation, the 
primacy of the sun, and the importance of natural light and shade in the design of pleasant 
and comfortable spaces certainly have come from unwritten rules or maybe from their
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own personal observation and experience (not as a question ol style, taste or lashion), as 
the logical basis for architectural integration to a regional aspect. The snow igloo ol the 
Arctic Eskimo, for Cook (1987), is perhaps the most admired design solution from a 
scientific and intellectual perspective:
loo often such examples of uncanny brilliance are appreciated only as picturesque relics, as romantic 
projections, or as refined products of some limited technology, rattier than as pivotal human solutions 
that embody cultural persistence. The snow igloo survives at most for one winter season, but it is a 
timeless, resilient, cultural expression. Although it self-destructs wiLhout a trace, it epitomises 
architectural resistance.
“No nation,” Ardant asserts (in Collins 1967, p. 195), “can create voluntarily its own 
style of architecture, nor borrow from other nations those architectural forms developed 
accordmg to particular circumstances and needs.”
The energies of the climate, together with the specific qualities and quantities of the 
material resources available, have influenced the rhythm of people's lives (see chapter 2) 
as well as their artefacts, clothes and buildings. Whenever people select a site, when they 
choose the building materials, design and build their houses, they are always in search of 
a balance between the more satisfactory environmental conditions they can afford and the 
availability of resources.
Before the advent of the Industrial Revolution, people depended on natural sources of 
energy and available local materials in forming their habitat according to their 
physiological and cultural needs. Fry and Drew (1982) point out that it took many 
centuries, indeed millennia, for mankind’s shelter and settlement to evolve to the 
intricately woven communities that responded entirely to climate, material resources, 
cultural and economic needs of society.
They suggest that people who hope to arrive at even an approximate notion of how our 
distant forefathers created those earliest shelters, those intricately devised dwellings that 
so fascinate us today, must nd themselves of the whole paraphernalia of custom, opinion 
and prejudice with which the modern world has loaded us; must put out of their minds 
the practice of obsolescence and all the ways of a consumer society; and no longer think 
of time as something to be saved, snatched at and held as the ever instantaneous present. 
They conclude:
The close connection between man, his problems ol building, his mind, his hands and sinews, is 
everywhere evident in these earlier works of society, and from tins springs the communality of the 
work done, ol its not being done without die sustaining consensus of the community which it is the 
prime object of commerce to disperse in favour of the market.
This is made clear when it is realised that Medieval architecture, for example can reveal 
more of Medieval life than any other form of document of that period.
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A.W.N. Pugin, in his A p o lo g y  fo r  the R ev iva l o f  C h ris tia n  A r c h ite c tu r e , published in 
1843 (in Collins 1967, p.212), wrote that architectural skill in the past consisted of 
embodying and expressing the structure required, and not of disguising it with borrowed 
features. Thus the peasant’s hut, the Yeoman’s cottage, the farmer’s house could each be 
perfect in its own way, in that “every building that is treated naturally without disguise or 
concealment, cannot fail to look well."
Traditional buildings, native crafts and processes represented stable usages and time- 
honoured practices. Fitchen (1988, p.36) writes:
It is clear that they indicated an accepted and viable way of adjusting to the climate and of meeting the 
requirements of living in a particular community. Wherever these established practices had time to 
develop independendy, they were perfected in terms of the materials employed, the tools developed to 
obtain, prepare, and fashion them, and the procedures followed in their assemblage or erection.
The conservation of resources is one distinguishing aspect of all preindustrial production, 
whether of products or buildings. The discrete transformation of energy, and the 
preservation of wealth were principles in all cultures that flourished. All creative activity 
by definition attempted to heighten the conversion of raw materials by respecting 
conservation. All lasting objects embodied and communicated that concept (Cook 1987).
Regional architecture can be a useful notion if it drives some consideration on creative 
and dynamic models of adaptation in the traditional architecture of a region. However, it 
can also be misleading, if the romantic designer has a torpid view and excludes the 
significance of external influences. Price-Williams (in Altman and Chemers 1984, p.58) 
discusses the divergent; 'emic' and 'etic' orientations - that is, one must be careful not to 
impose one's own way of viewing the world on another culture (etic orientation) and 
describe that culture solely from such a perspective. Rather, one must also understand a 
culture in its own terms and according to its value system and its approach to organising 
the world (emic orientation).
While the concept of ‘region’ has proved useful in other disciplines, like geography, for 
example, it is fundamental to the development of Bioclimatic Design. Though a 
prerequisite discipline, bioclimatic techniques are by no means sufficient to make regional 
architecture. The convenience to affirm regionalism, as it has been discussed before, is at 
a level that is much deeper than stylistic or ornamental adornment.
In Cook's (1987) opinion, “Regionalist architecture is a conceptual paradigm beyond 
style, beyond photogenic image, beyond romantic illusion, and certainly beyond 
historicism, revivalism, and academic formula. The programmatic challenge is to 
establish local roots using and expressing the best of everything that is available.”
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In order lo provide meaningful environments for people, all aspects ol Bioclimatic 
Design must play precise rather than deceptive roles in the process ol design, 
construction and operation of the building. Its application must assist the solution ot 
problems beyond the rudiments of pure physiology and health and stimulate the creation 
of places as the integration of its various factors and values, where people can grasp their 
identities and feel that they belong somewhere.
4, 1. 5 - Industrialisation and the built environment
Hamilton (1973, p.316) writes:
Experience has taught us that the individual cannot accomplish anything worthwhile entirely by 
himself, and that it is better to work in groups. Mass communication allows everyone to be organised 
together, and technology permits these larger groups to make a stronger impact on their environment 
The personal struggle has become a collective struggle in which die mass of people wreak massive 
changes on their surroundings by acting co-operatively.
In fact, the adoption of mechanisation processes and the spread of mass production 
techniques helped boost both productivity and output, but at the same time adversely 
affecting the environment.
Making reference to the framework proposed in chapter 1, if one concentrates on the 
'matter' issue in order to determine the distinctions between regional and international 
architecture; one can recognise that local, regional architecture can be characterised by the 
employment of materials composed of locally available raw materials, mud, brick, stone, 
wood, agricultural wastes or recycled materials. These materials have been usually 
applied with the use of simple tools; information was shared and usually passed on by 
informal, communal means; people made use of low technology and there was very little 
utilisation of energy resources (solar, self-help participation, animal and manpower).
Contemporary, international architecture, on the other hand, is built mostly from 
artificial, industrialised materials, such as glass, aluminium, and steel, with a marked, 
intense input of energy (from fossil fuels) and formal specialised information. In this 
case, both the energy and information are intensively used throughout the whole process, 
from the design stage, through to the extraction, marketing, transportation, assemblage 
and the final implementation of materials.
These high-technology, high-energy materials are very often foreign-owned by 
multinational corporations, produced and designed half a world away from where it is 
being applied, with little or no regard to the local climate and population. However, one 
cannot ignore the fact that they offer the advantages of superior performance (at least in 
terms of selected functions), large scale stock and neat replacement.
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In early communities, as historical records demonstrate, labour itself was a part-time 
activity, impossible to segregate completely from other functions of life. As it was 
discussed (section 2.4), it was in the city, especially after the Industrial Revolution, that 
specialised work became an all-day, year-round occupation. In rural or tribal societies, it 
is possible to observe, that work and life are intermingled and each individual has a clear 
role in the composition of society, a role that each one has to mature into and that is 
recognised by all other members of the society.
In contrast, anonymity has been a major feature of metropolitan life. City-dwellers 
typically try to avoid getting involved with the vast majority of the people with whom 
they come into daily physical contact. Moreover (more than ever in the past), people are 
capable to effectuate inter-relationships with distant worlds (as the popularity of mobile- 
phones and satellite communications indicate), beyond the limits of their own places.
The impression that regional architecture is permanent and invariable has a romantic 
appeal and has actually been used in support of myths of national identity (eg. the 
architecture of Albert Speer, in Krier 1985). Architecture is a dynamic process; most 
regional and vernacular buildings are actually a combination of local and imported types, 
and these types are also subject to changes and adaptations. Public and monumental 
buildings, as opposed to domestic architecture, have been more susceptible to reflect 
connection to other cultures and to universal values (Rapoport 1969), sometimes with 
bonds to local tradition. They often feature an ideal gesture of grandeur that is best 
represented by widespread symbols of excellence.
Generally in architecture, the replacement of a traditional model with an alternative 
example comes slowly (this has been discussed elsewhere in section 3.1). Change in 
architecture regularly arises from pressures and forces acting within or upon a community 
in search for adjustment or alteration. If there is the need, and change has occurred, it 
must then undergo a long process which will take a considerable time for the maturity of 
a new system to evolve that will be responsive to those changing needs.
From time immemorial people have been travelling widely and been keen and able to 
invent, adapt, indeed assimilate other technical values to their capacity to design and 
construct buildings. Burnham (1988) adds that conditions in human society have changed 
a great deal since the architectural profession was organised. The building process has 
become much more complex and building types have multiplied. Technology has 
changed radically. Economic and cultural institutions now have an entirely different scale. 
Today, many architects provide buildings to users they never see and who have cultural 
values completely different from their own.
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One reason for tradition to vanish has been the complexity and variety of building types 
(Banham 1975), many of which were too intricate to build in traditional style. In fact, 
among other factors, all of the above mentioned changes have placed great stress on 
architects to broaden their knowledge base and extend the range of their activities.
Burnham (1988) says that until very recent decades, architects were not expected to 
determine the basic nature of the ‘problem’ which their work addressed (if any) or to 
determine the criteria which might be used to assess a design from a problematic point of 
view. Clients defined the problem and named the response. The criteria were established 
by cultural norms, and the discipline of these architects consisted of:
1 - Knowledge of cultural meaning and conventions obtained through lifetime experience in a 
homogeneous cultural group or a broad and diverse education.
2 -Knowledge of architectural languages or other meta-design languages which might be applied 
effectively to architecture.
3 - Knowledge of materials, construction techniques and engineering sufficient to develop a high 
quality building.
4 - Knowledge of the organisational and managerial processes involved in building.
5 - Effective communication knowledge and skill.
Mechanisation and industrialisation of the building trade have caused vast changes in 
design and construction methods. It is not simple to use the vast technological capabilities 
properly in architecture; current architectural magazines indicate that architects all over the 
world seem confused about the apparent progression and changes of materials and 
technology and they are perplexed about how to control or direct them.
Many of those changes have forced disruptions with the past. Some architects have not 
been fully alert to the consequences of extravagant symbols of modernity and industrial 
progress. The glass-box tower and mass housing schemes represent good examples of 
insensibility to regional values, with varying consequences in different parts of the 
world. Architects need to be especially attentive to the long-term and significant 
influences of buildings on peoples' behaviour, as the current tendency of industrial 
civilisation is to advance uniformity and standardisation.
In the process of fabricating the built environment, architects are important players, 
responsible for the decisions regarding the specification of kinds and levels of 
technology. Architecture has meant and will always mean to be a deliberately man-made 
or man-chosen spatial structure.
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4. 1. 6 - The International Style
In 1932 the Museum of Modern Art in New York organised an exhibition showing the 
modern architecture of the 1920s. The exhibition was given the name T he International 
Style’ which, has since been used to describe what Alfred Barr and Russel Hitchcock 
saw as a certain commonality in the new architecture around the world; structural steel 
frames, glass curtain wall claddings and the replacement of traditional design motifs by 
the bold expression of linearity, function and structure.
The principles of the International Style, as first elaborated by Alfred Barr (1932) in the 
preface to the Museum of Modem Art's catalogue for 'Modem Architecture: International 
Exhibition,' were volume, regularity as opposed to symmetry, technical perfection and 
dependence on the intrinsic elegance of materials, and fine proportions as opposed to 
applied ornament.
In its broadest sense, according to Riley (1992, p.89), emphasis on the 'international' 
was an implicit criticism of nationalist policies, both cultural and political. Although, the 
word could have an inherently positive character over things national, its use could also 
suggest associations with the international mission of the socialist and pacifist 
movements.
By the time of the Second World War, the International Style spread throughout the 
world. Its conspicuous uniformity was illusory, frugal, for in fact, those buildings were 
unable to relate to different climatic and cultural conditions. It sounds peculiar to realise 
that the adoption of the International Style coincided with the development of a political 
system of internationalism, which had taken the form of the United Nations 
Organisation*.
The UN headquarters and the Lever House set the trend for the modern glass 
skyscrapers. Both buildings were very similar: a glass skin stretched over a skeleton of 
curtain walls and suspended ceilings, entirely dependent on high-energy artificial 
environment control, whose mechanisms are well hidden and present no unsightly view. 
Their style and mechanical systems have been copied and constructed everywhere in the 
following years.
Very often, when one makes any reference to modern architecture, the compelled image 
is immediately associated with the towers of the ‘International Style’. These are not two
* The UN headquarters building in New York, by Harrison and Abramovitz is considered to be the second 
major design in this style. - The Lever House by Gordon Bunshaft (of SOM) is widely recognised to have 
been die first skyscraper using this design approach. Lever House’s curtain wall was a precursor of the 
glass office towers that were to dominate contemporary commercial architecture
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terms for the same phenomenon; Szokolay (1994) aptly distinguishes that the modern 
movement was revolutionary, against pretence; it was against clutter in the built 
environment and clutter in the mind. Honesty and objectivity were its greatest virtues. He 
asserts that the epigones and imitators failed to understand the spirit and the ideas ol the 
modern movement, they copied the forms only, without the substance.
The International Style represent that deceitful variant of modern architecture that was 
promoted around the world by big corporations and international agencies during the 
1950s and 1960s, which often took the form of simple boxes. It is now perceived as a 
villain, as if the glass tower and the air conditioning were combining forces not only to 
demolish local identity in architecture, but also the natural environment.
A couple of decades ago, International Style buildings were publicly accepted on the 
assumption that they were modern, functional and efficient. They were generally 
admired, regarded as advance on the rest, especially if they were very tall. Most 
postcards of big cities highlight impressive views of such buildings against the sky. 
However, one cannot be sure that people and users had affection or attachment to them, 
they were uncritically accepted. They may represent just another inevitable product of 
industrial, modem society.
Clark (1975, p.55) criticises international buildings with the same status as modern 
products (air conditioning, television, central heating, etc.). He deplores that such 
'monstrous' glass towers came not only to dominate the skylines of the cities, but to 
sprout up even in the small cities of North America. In the introduction of his book, Jahn 
(1994) writes about a situation that was typical of most large cities worldwide:
While the internationalism of the 1960s brought more physical change to the look of Australian cities 
than any time before or since, the 1970s commenced the cultural cycle of conscious reaction to 
international modernism. Questions of culture, identity, individuality and difference were raised against 
the uncritical development of the corporate world. ...It had become clear that ...trying to be simply 
international produced no recognisable tag or thumbprint. While the popular challenge to 
establishment values was a worldwide phenomenon, Australians were determined to find themselves in 
the process.
Buildings of the International Style often feature identical attributes, physically and 
visually wherever they are erected. Nevertheless, they require a great deal of energy to do 
so. It is this energy subsidy consumed by their HVAC equipment that make them capable 
of transcending the variations in climate between one place and another.
Tafuri et al. (1980, p.366) assert that during the 1950s there was a broad international 
tendency toward simplification. He says that it was a matter of facilitating architectural 
designing for a vastly greater demand. ltThis meant that the profession as a whole and its
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ways of working had to be reorganised and had to agree to not only a drastic reduction in 
the time of planning and building, but also to the typological standardisation called for in 
an industrialised building industry.”
Although internationalism is widely targeted for being overpowering, unsound and 
senseless, its influence is still a strong driving force and mainstream practice in 
architecture. (In the spring of 1994, in Tel Aviv - Israel, many international institutions, 
including UNESCO and eminent architects, critics and historians were celebrating the 
International Style and the fact that Tel Aviv as the first Hebrew city has an honoured 
place in twentieth-century architecture and is a unique ‘living museum’ containing the 
largest concentration in the world of buildings constructed in the International Style.)
International architecture is seen now by many as displaced and alien to its immediate 
environment. Presumably such buildings have often been seen and assimilated as 
effective vehicles of neo-colonialism, destructive of urban contextualism and associated 
with land speculation. These qualities render exactly the opposite of traditional values.
Scuri (1990) writes, in the preface of his book, that if we assume that churches are the 
expression of religious power and castles the expression of aristocratic power, and that 
architecture is the expression of society that creates it, then it follows that skyscrapers 
must be considered to express the power of multinational corporations. “As such, these 
‘cathedrals of commerce’ can reveal important aspects of the economic power that 
governs our time.”
Industrial culture, for Cook (1987), is presently characterised by the international 
trivialisation of human life. The glass box continues to be reproduced as a design solution 
in all climates and in all locations as a symbol of being modern, as an image of 
technology, and as a celebration of irresponsible wealth. An examination of this current 
architectural artefact using any scientific, intellectual, or experiential criteria reveals how 
trivial this response is in comparison with known alternatives.
The International Style envisioned a world-wide form of architecture based on the plain 
orchestration of function, simple volumes and standard building materials and 
technologies. It implied a universality of approach which generally favoured lightweight 
materials, metals or synthetic modern materials and standard modular parts so as to 
facilitate fabrication and erection. It aimed at the flexibility of the free plan, and to this end 
it advanced skeleton frame construction and rejected masonry.
Inherent in the concept of ‘International Style’ was the notion that the world was coming 
together (the global effect). Its architecture had the effect of making modern cities more
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and more to lose their distinctiveness, and to resemble New York or Tokyo. Architects 
from all the continents felt that they could join in creating a single and extravagant 
movement which could mark a major change in direction for architecture.
One can also identify a populist intent to the International Style. Town planning was in its 
early stages of evolution, when the International Style was proposed, and influential 
architects like Le Corbusier and Gropius thought of their architecture as design ideas 
suitable not only for mass production, but also for mass consumption. By stripping away 
costly and unneeded decoration, it was felt, this new architecture would be affordable 
even by the poor.
“Internationalism as a cultural goal” writes Cook (1987), “has been found sterile. It is a 
product of commerce, not culture. At best internationalism is anonymous or neutral. At 
worst it is environmental pollution that will not go away. It is the universal export that is 
devastating as either an economic or cultural import.”
4. 1. 7 - The role of Bioclimatic Design
Great opulence and the growing dependence on technology evoked in Seneca (1958, 
p.229) a prospect for the simple life; he wished that man could
...demonstrate to himself and others that ...we can live without the marble-worker and engineer, that 
we can be clothed without the silk trade, that we can have the necessities we require if we are content 
with what earth carries on its surface. Necessities require little care; it is luxury that costs labour. 
Follow Nature and you will not wish for artificers.
In the context of Bioclimatic Design, valuing climatic and regional aspects in planning 
and in the design of buildings is purposeful and decisive. It involves the important 
responsibility that architects throughout history have had to provide people with 
comfortable buildings appropriate to the way people managed their resources. In 
achieving this the architectural profession can offer effective tools to the solution of many 
problems common to urban societies.
The intrinsic argument about the concept of regionalism is variety in time and space, 
dependent upon culture, climate, and available resources.. Because, by definition, 
regionalism is committed to finding unique responses to particular places, cultures and 
climates. It is indispensable to the practice of architecture due to the wide range of 
environmental conditions around the world, and there are just few universal principles in 
designing buildings to adapt to the surrounding climate.
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Fathy (1986) suggests that the architect is in a unique position to revive people's faith in 
their own culture. He says that if, as an authoritative critic, the architect shows what is 
admirable in local forms, and goes so far as to use them himself, then the people at once 
begin to look on their own products with pride. What was formerly ignored or even 
despised becomes suddenly something to be proud of. It is important that this pride 
involves products and techniques of which the local people have full knowledge and 
mastery. Thus the village craftsman is stimulated to use and develop the traditional local 
forms, simply because he sees them respected by an architect, while the ordinary person, 
the client, is once more in a position to understand and appreciate the craftsman's work.
Environmentally speaking, it is circumstantial that traditional regional architecture has 
been designed based on the adequacy of the building envelope to selectively absorb or 
resist ambient energies. In contrast, possibly because of the excessive use of lightweight 
materials, or by pure misconception, internationalism depends entirely on technology and 
active systems to provide light, heat and fresh air that will allow building occupants to get 
on with their activities.
The international design approach, through industrial standardisation, tends to make all 
cities look alike and all countries embrace the same production lines, the same 
technologies, regardless of each one’s characteristics, needs, social or cultural values. 
The regionalistic approach, however, can produce particular features, giving people 
effective detailed descriptions of the uniqueness of their places, buildings and cultures.
Clark (1975, pp.23-24) observes that a study of the natural ecological systems shows 
that life on this planet has evolved in such a way that, through natural-selection 
processes, environmental systems thrive on diversity. Each species interacts in such a 
fashion with all others that the waste products of one become food for another. He 
suggests that if one species becomes dominant, either through natural processes or the 
involvement of humans in the natural system, a possible result is destruction of the entire 
system through the development of the dominant species - the monoculture.
It seems worth to make an analogy between this notion and the International Style, as he 
concludes that the monoculture lesson pervades not only the science of ecology, but 
every facet of our lives. "A monocultural city is doomed to failure and decay. A 
monocultural crop eventually will spell the end of the centralised and limited agricultural 
system. A monoculturally governed society will inevitably disintegrate."
The regional, vernacular process is about models, adjustments and variations. An 
architect designing for another culture, which is a fact more and more frequent, should 
experience the weather, the environment surrounding the site, and share some
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impressions with the people first. He should respect traditions, and try to consider 
people’s views and beliefs in order to adapt the buildings to suit them.
Regional architecture develops as an expression of the culture and spirit of a community. 
Unquestionably, there may be many modern building types whose brief, size and 
complexity restrain the simple act of depicting traditional features but this does not 
impede the architect from applying and refining regional principles. Actually, the 
fashionable term ‘contextualism’ is certainly the urban picture of valid regionalism since it 
too attempts to see and understand the accumulated experience and culture through the 
surrounding urban fabric.
When discussing regionalism in architecture, one must acknowledge the architectural 
practice and theory of the Egyptian architect Hassan Fathy; for his re-assertion of 
vernacular insight to solve low-cost housing problems in rural areas; for his influence on 
others in quite different parts of the world to question irrelevant and costly aspects of 
modernisation and to see through professional interest. His philosophy seems to have 
special relevance to the question of re-invigoration of ancient craft wisdoms and to the 
related issue of the maintenance of visual harmony in the countryside.
Fathy (1986) puts forward the idea that every advance in technology has been directed 
toward man's mastery over the environment. Until very recently, he says, man always 
maintained a certain balance between his bodily and spiritual being and the external 
world. Disruption of this balance may have a detrimental effect on man, genetically, 
physiologically, or psychologically. However fast technology advances, however 
radically the economy changes, all change must be related to the rate of change of man 
himself. The abstractions of the technologist and the economist must be continually 
pulled down to Earth by the gravitational force of human nature. He says:
Unhappily, the modem architect of the Third World, suddenly released from this gravity, and unable to 
resist temptation, accepts every facility offered to him by modem technology, with no thought of its 
effect on die complex web of his culture. Unaware that civilisation is measured by what one 
contributes to culture, not by what one takes from others, he continues to draw upon the works of 
architects in Europe and North America, without assessing the value of his own heritage.
Fathy (1986) concludes that while change is a condition of life, it is not ethically neutral. 
“Change that is not for the better is change for the worse, and-we must continually judge 
its direction. We must sense the forces that are working for change, and must not 
passively follow them but rather control and direct them where we think they should 
aim.” This statement does not, of course mean that optimism or ‘progress’ has to give 
place to pessimism or ‘primitive’, but simply that, currently, one can no longer blindly 
accept the notion that every change must be for the best. It is extremely important to 
subject architecture to systematic criticism.
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Cook (1987) proposes that regionalism is an architectural dynamic that creatively includes 
both self-conscious history, and the anonymous vernacular, all the architectures that were 
indigenous to their place should serve to inspire this new cultural synthesis. Humans 
build and preserve buildings to preserve themselves, at first in a physical sense, but 
ultimately in a spiritual sense. A new cultural, regionalist ethic should inform our 
intelligence, guide our spirit and by celebrating place restore our identity.
It would be misleading to speak of a monolithic regionalism operating in the world of 
architecture today. Curtis (1986) suggests there is certainly a mood gathering momentum 
which rejects the glib reproduction of international formulae and which seeks out 
continuities with local traditions. He writes:
No doubt this reflects a spirit of increasing self-confidence in the Third World after colonial 
occupation, but is also part of a wider reaction against simplistic models of modernisation. At its 
worst it may degenerate into a skin-deep instant history in which ersatz images of the vernacular are 
combined with pastiches of national cultural stereotypes. At its best regionalism penetrates to die 
generating principles and symbolic substructure of the past then transforms these into forms that are 
right for the changing social order of the present. It is a matter of sensing beneath die surface the 
memories, myths and aspirations that give a society coherence and energy, and then providing these 
with an authentic expression in architectural arrangement.
Lively and authentic regional architecture has not been the product of the intervention of 
designers; its practice may be really active and vigorous when one can perceive a strong 
recognition of synthesis between builders and the population, history and present, ideas 
and workmanship. Unfortunately, this concerted performance is becoming increasingly 
rare in the mass-media world.
This raises the question whether a regional architecture is possible with modern 
communications. Rapoport (1969, p.7) indicates that the wide dissemination of the forms 
currently fashionable and commonly used by the various news media, films and travel 
make it impossible to create forms in the traditional manner. The primary interests are the 
effects, upon the architect, the architectural student and the community as a whole of their 
numerous, continuing confronts with differing civilisations. The congestion of influences 
from foreign cultures upon new generations is largely due to the power of the media, 
printed and audiovisual, since the 1950s.
This rapid multiplication and spread of information and images has caused some 
designers to agonise in individuality searching, others to fall back upon a limited, known 
set of tools, a regional idiom, and others to readily adopt to each passing fashion (see 
section 3.2). The superficial, purely formal, practice of a pastiche architecture (the use of 
elements which incorporate visually impressive but aloof signs from non-local sources), 
has brought about not only the International Style but the Postmodernism as well.
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Architects need to be aware of the circumstances which can restrict and interrupt tradition 
and development in local culture. Some recent examples of mass housing and commercial 
buildings have been actually very disruptive to the community and traditional way of life.
Architecture has been generally a unique fusion of form and place. Advances in modern 
technology has made the relation of form and place to seem irrelevant. As Cook (1987) 
puts it:
...regionalist architecture may be best appreciated by understanding the normative; by focusing on a 
centroid, rather than by characterising the edges of the territory. Modem humanity’s intervention is 
edge-obsessed. Our grids are an indistinguished abstraction which overlay land that always has 
distinguished articulation, however subtle...
Whether a regional architectural idiom is subconscious or intentional has been the subject 
of debate. A fundamental question arises from it: should the architectural expression 
come from within, or can it be brought from outside ones’ own region and culture?
One point that has repeatedly come out from studies on the subject (Fathy 1973, 1986, 
and Geddes 1947) is that to search for regional solutions which express the identity of the 
locale is a false one, in that identity exists, one does not have to look for it. What is 
required is to make the connection between technology and culture. It is a task which is 
both important and difficult, and in striving to express this in built form, regional 
differences become apparent, leading to individualised solutions.
The principal idea is thus to keep the process moving, to find the correct balance between 
local, national and international. Local traditions are important to all people, they give 
them a sense of place and pride. Usually the energies and the materials of the local 
environment are the fundamental causes of many of the traditions: religion, clothes, food, 
buildings and social customs. The task is, on the one hand, to interpret the many layers, 
to examine how vernacular architectural expressions have been transformed by invading 
models, and, on the other hand, to see how foreign imports have been adapted and 
acclimatised to suit a specific region and culture.
As discussed in chapter 2, natural lighting and ventilation, and other passive systems 
used throughout the centuries in different places were rediscovered, studied and made 
creditable through modern research. This effect went further to pave new grounds for the 
creation of a new approach in architectural design. Around the late 1950s and early 
1960s, there were clearly two opposing tendencies: one would say that architecture in the 
tropical countries could adopt the then well famous and celebrated International Style; or 
it could be developed on the basis of modem research on Bioclimatic Design (eg. Fry and 
Drew 1956) which would examine local climate and traditional building solutions.
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In fact, most of these countries simply couldn’t afford to build the glassy and highly 
mechanised buildings that the International Style seemed to dictate, nor to maintain and 
operate them. Architectural regionalism became a topical issue since the publication of 
Olgyay's book D esig n  w ith C lim ate: b ioclim atic  approach  to arch itectura l reg ionalism  in 
1963. Thereafter references to local climate, culture and community identity have been 
actually capable of stimulating objective debates.
The debate about regionalism has commenced seriously over the past few years. It is only 
now beginning to take on important dimensions. Clark (1975, p.45) proposes that part of 
this problem relates to energy:
The sweeping changes in American society that have been variously identified as resulting from 
'technology' or 'social conflict' or the 'loss of religious values' or the 'dissolution of die nuclear 
family' are in reality consequences of the change in the amount of energy available to American 
society. All the other changes are subsidiary to the availability of cheap, concentrated energies, ...and 
the resulting societal institutions developed to exploit them. Technology and change follow the 
liberation of energy.
An evident resurgence of regionalist sentiments has led to the dramatic break-up of some 
nation-states and major tensions within others like Yugoslavia and the ex- USSR. The 
above phenomenon is illustrative of concerns with the individuality, and uniqueness of 
place. It subsists uncomfortably with the dominant contemporary processes of 
international social and economic integration.
Fiona Harari {The W eeken d  A u stra lia n  R eview , December, 1994, pp. 24-25) reports that 
people seem to be referring back to their own community more than ever to make sense 
of it all, to avoid an emerging sense of rootlessness. The reporter indicates that the more 
people have a global sense, the more people have a regional or territorial need. This 
article concludes that community is fast becoming a buzz word of the 1990s. People are 
becoming increasingly aware of community as a mechanism for understanding people 
and understanding the past.
Stilwell (1992, p.44) says that people have heard a lot in recent years about regional 
problems. World-wide, the reassertion of regional identity, often linked to ethnicity, is 
one of the dominant geopolitical tendencies in the 1990s. Regional separatist movements, 
as the most politically acute expression of the regionalist sentiment, are a recurrent threat 
to the coherence and stability of many nations. This has been most notably the case in the 
nations of the former USSR, Yugoslavia and Czechoslovakia, but regionalism continues 
to simmer in many other countries such as Canada, India, Belgium and Great Britain.
Architectural regionalism has become a topical issue these days, its relation to culture and 
community identity is actually capable of stimulating lively debates with good defenders
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and opponents. The question of regional identity; whether it refers to a ‘dominant culture’ 
style in colonial architecture or to the propensity of those who designed, built and use the 
buildings or the people upon whom they were imposed is only a superficial dispute.
The antithesis of a regional approach is to apply the 'international' approach with its 
brute-force technological solutions which works in spite of climate, rather than working 
with the elements, and which relies on massive consumption of energy and sophisticated 
mechanical services. The product of architectural regionalism is a potentially more subtle, 
economical and humane mode of design, one that can be formally and aesthetically very 
rich through the sound use of local natural materials and energies, deflected or diverted to 
achieve the effects desired.
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4. 2 - The present day importance of energy in architecture
4. 2. 1 - Introduction
Considering what has been discussed in the previous chapters, it seems apparent that 
energy represents the factor that basically compels buildings to be designed individually, 
differently, uniquely. The way that people obtain, deliver and use energy is a central 
issue for architecture and the form of the built environment. Reference has already been 
made to the historical events which brought the energy issue in front of the architectural 
domain, in a rather indirect manner.
Energy efficiency can no longer be seen as an optional attitude in design (Shaw (ed) 
1989; Roaf and Hancock 1992); it has become a basic requirement for the designing 
professions. This need to design buildings that consume less energy arises from a variety 
of external pressures: progress in legislation on building performance; increasing 
demands on the professional institutions in the area of energy performance; the 
importance, when working with developing technology, of limiting liability risk; and the 
wishes of clients who increasingly seek 'low energy' buildings for economic and ethical 
reasons.
Sections 2.3 (Agricultural Revolution) and 2.4 (Industrial Revolution) have discussed 
major human interferences in the natural cycles of energy. The intensive use of energy 
characterises the era of industrialisation, a direct consequence of that is the fact that 
environmental pollution became an inevitable by-product of industrial development. The 
perpetuation of such attainments or further moves in this direction can no longer be 
undertaken without due consideration to the impact on the environment as a whole. A 
major current issue is not if information, through science and technology, can provide 
more energy*, but what are the environmental and social effects of trying to do so.
Along the last century or so, with considerable uncertainty and confusion, Western 
civilisation has seen the promotion of quite a categorical conviction that there is a simple 
and direct relationship between the urban environment, the quality of buildings and health 
status (Holdsworth and Sealey 1992). After some decades of cumulative growth in 
scientific knowledge concerning the physical environment and the physiological basis of 
human comfort and well-being, it has been found that a deteriorating environment 
prevails and there is a need for more scientific evidence and corrective policies. All major
*One of the most pervasive fallacies of the twentieth century is that technological innovations will 
permit expansion of the carrying capacity of the earth to almost any required size. (Introduction - 'Man and 
the Ecosphere.' R e a d in g s  f r o m  S c ie n ti f ic  A m e r ic a n .  W.H. Freeman and Co. San Francisco, 1971. pp. 41- 
47.)
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cities have environmental problems, and their difficulties directly affect the well-being ol 
people who live in them.
There is at the present time an enormous interest in relating energy and environmental 
issues to the design of buildings (Shaw (ed) 1989). Many architectural courses now 
require their students to take courses in Bioclimatic Design (this was discussed in chapter 
3), with particular attention being paid to comfort and energy conservation. 
Environmental philosophers and specialists in ecologically sustainable development 
(ESD) have also joined to contribute to this discipline, where they offer broader 
perspectives and participate as specialists and design critics in studio courses.
4. 2. 2 - The realisation of a limited resources world
One of the fundamental purposes of a building is to establish and maintain an internal 
environment conducive to habitation in terms of the prevailing external conditions (see 
section 2.1). The skilful practices of artificial lighting since Edison and air conditioning 
since Carrier have accentuated the popularity of active building systems, which rely, for 
the most part, upon the use of energy to maintain comfort conditions indoors.
Possibly, such systems are needed at times, but overreliance on them has often resulted 
in excessive strains on energy resources. This extravagant design approach has not 
shown any concern about the broad social, economical and environmental consequences. 
It has often generated sealed buildings that require artificial lighting, and the heat 
produced by the large number of electric lights in turn increased the air-conditioning load, 
and the repercussions can go on and on.
Stein (1977) states that beginning shortly after the end of the Second World War, a 
dramatic increase in the energy required to operate buildings became apparent. He refers 
to a survey of 86 office buildings in New York City which found that the buildings in the 
group which were built between 1950 and 1954 used less than half of the energy per 
square foot, of those built between 1965 and 1969.
This enormous demand for energy came under pressing criticism from environmentalists. 
The public started questioning whether the supply and the escalating cost of energy 
would make it feasible to .sustain the architectural idea of glass buildings whose internal 
environment was kept at the desirable conditions by an excessive supply of energy. ,
Such practices became dominant until the emergence of energy conservation made it 
necessary to de-emphasise the dependence on these systems, and to modify existing 
practices and building services to save energy. With cheap forms of energy no longer
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available, and with the future costs and availability of energy uncertain, there was a 
growing need for designers, and the building industry as whole, to pay particular 
attention to the consequences of various design alternatives as they concerned potential 
ways to minimise the impact of variables beyond their control.
Environmentalist groups have gradually become consolidated by economic, political and 
popular forces which then turned more influential. Their opinions reached a peak 
expression soon after the Arab-Israeli conflict in 1973, with the consequent reappraisal 
throughout the world of the availability and uses of the globe's fossil fuel reserves.
The sudden increase in the price of oil in 1973 drew public attention to the predictions of 
an eventual depletion of traditional energy sources (this will be discussed later in this 
section). Architecturally, this has led to a greater emphasis on the use of passive solar 
techniques, thermal insulation, natural lighting, and building regulations (U-values) to 
achieve environmental objectives with less energy consumption, with the fabric of the 
building contributing as much as possible.
Since the energy crisis, interests were raised in the use of natural, renewable energies as 
substitutes for conventional fuels in buildings, but this was mostly directed to the use of 
solar energy for heating (Merrill and Gage 1978). The efforts were first directed at the 
development of 'active' solar heating systems, in the pursuit of an ‘autonomous house’, 
then the focus in solar space heating shifted to passive solar systems. As it can be seen, 
the emphasis was much on heating buildings rather than on cooling them. These were 
scattered efforts and did not produce a comprehensive and synoptic body of knowledge.
Traditional and vernacular buildings have worked as moderators of climatic changes, they 
do not eliminate them altogether, whereas active environmental engineering systems are 
generally designed to create substantially constant environmental conditions. It has been 
therefore necessary to know what the performance target should be, and a great deal of 
research has been done to find the ‘optimum’ environmental conditions.
The problems of concentration and its associated notion of 'attention' have been studied 
(Berlyne 1960). Because of the dynamic nature and complexity of human needs, people, 
when exposed to uncomfortable conditions, often like to shift position, to open a 
window, to feel a breeze of fresh air, to keep up changes of lighting and mood, etc.. 
Much of the research done during the last half-century (refer to chapter 3) has served to 
confirm the obvious proposition that an optimum, constant condition can be a waste of 
energy and unlikely ever to be the ultimate model. It represents rather the manufacturer 
and the engineer’s need to have an impersonal and rehable performance specification.
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Humphreys (1992) proposes that there is no need for uniformity of indoor temperatures 
world wide. He points out that by adopting indoor design temperatures suitable to 
prevailing climate and seasons significant savings in energy consumption can be made.
The purpose of the Bioclimatic Design approach is not to provide a solution to resource 
limitation. When applied with thought and imagination and if logically followed, 
Bioclimatic Design has the potential to produce a new kind of architecture; building 
structures that are more harmonious with their surroundings, designed to operate at 
various seasons of the climatic year with the minimum amount of active conditioning.
4. 2. 3 - Energy at the root of global environmental issues
Brown (1954) considers that one of the primary limitations to economic development in 
the ancient societies was the lack of ability to make available and use large quantities of 
energy. Their great achievements were usually accomplished by mobilising gangs of men 
and to a lesser extent by the use of work animals. Only in sea transport was the wind 
used even with moderate effectiveness on a large scale as a prime mover.
Roughly up to about ten generations ago, people lived completely dependent on 
renewable energy sources (see section 2.4). They used no petroleum, no natural gas, no 
uranium, and very little coal. Human and animal muscles did most of the work. Ships 
had sails, water-wheels and wind-mills were in use, biomass was burned to supply heat 
and light. For some countries (especially in Africa and Asia) biomass is still the majority 
fuel, however, the industrialised societies get most of their energy from oil, natural gas, 
coal and uranium which are materials in the earth's crust of finite amount.
Energy has been a catalyst not only for the remarkably extraordinary evolution of 
architecture, but for improvement in life style and indoor comfort that have so strongly 
characterised the modern world. In many ways civilisation has been determined by the 
way various cultures have manipulated and used energy. As Merril (1978) points out:
Such things as the switch from wood to coal and whale oil to petroleum and the development of the 
steam engine, which expanded the geographical limitations of water power; the internal combustion 
engine, which broadened our mobility; electricity, which greatly increased available work and 
communications; powerful steam, gas and water turbines for generating power, and finally, nuclear 
energy - all these 'discoveries' had a profound influence on the course of human history.
For a considerable time in recent history, the Western civilisation has been enjoying the 
benefits of a cheap easily available energy source - fossil fuels. Practically all modem 
luxuries, and necessities are dependent on coal, oil, natural gas or electricity. The 
magnitude of people's usage of energy by burning fossil fuels is such that the resulting
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pollution* has begun to alter the chemical and physical composition of the earth's 
atmosphere and to visibly affect the air over industrial zones and metropolitan 
communities.
Stoker, Seager and Capener (1975, p.10) demonstrate that nearly 80% of all air pollution 
in the United States is caused by fuel combustion. About 95% of all sulfur oxides, 85% 
of all nitrogen oxides, and more than half of the carbon monoxide and particulates are the 
result of burning fossil fuels. Presently everyone is aware of the fact that the reserves of 
the fossil fuels are limited and scientists had been exhorting the increasing urgency about 
the environmental consequences of the uses of energy.
Pollution is a direct by-product of city and industrial activities. In chapter 1 it was 
suggested that the built environment could be seen as an open system that imports matter 
(raw materials) and energy as inputs to fuel its activities, and exports goods 
(manufactured matter) and information (services) with the release to the environment of 
refuse matter and energy (outputs).
As discussed before (chapter 1 and section 2.4), the built environment is a prolific 
consumer of energy and materials, and it thus concentrates the mass of wastes. To cope 
with this, increases in legislative and regulatory requirements, with increasing liabilities 
and risks to organisations, have been adopted worldwide. Possibly a new phase in the 
evolution of environmental policy development is under way - the incorporation of 
ecological sustainability principles into law and general practice.
In any urbanised country a significant proportion of the national energy budget is directly 
related to buildings, and there is often a trade-off between providing comfortable 
conditions inside buildings and energy conservation. Lush (1992) writes that in modem 
society a large proportion of the population spend up to 90% of their lives indoors and 
creating a suitable internal environment, whether for work, play or domestic situations, is 
a crucial element of building design, services design and energy usage.
The energy problem is now seen as central to many of the economic, technical and 
environmental factors requiring the designer's attention. Systematic research on energy, 
both fossil and natural, has brought about considerable improvements in performance 
prediction, building standards and some increase in plant efficiencies.
If opportunities exist for energy conservation in the process of construction and use of 
buildings, then architects need to appraise not only the energy requirement for the
* Pollution is defined here as an excessive concentration of any substance. It is taken to mean the disposal 
of waste solids, liquids, gases, heat, and noise in ways that can harm people, reduce the enjoyment of 
their surroundings or affect the balance of natural ecosystems.
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operation of buildings, but for their entire life-cycle, including the energy content of 
materials and components, on top of that of different methods and forms of construction.
The 1950s and 1960s saw post war development and considerable economic growth. 
Most of the buildings that have been built in this period have been designed on the 
assumption of continuing growth of material and energy consumption. This era of 
careless dissipation of energy and over-abundance of mechanical equipment in 
architecture is gradually giving way to more responsible approaches; speculation now 
needs to be adjusted to certain limitations.
The assumption of unlimited wealth expansion is now seen to be a delusion; at the end of 
the twentieth century it seems to be no longer tenable. Resources are not endless; shelter, 
food, warmth, transport and standards of living depend on society's competence to 
continue providing the matter and energy it needs. And this must be done without 
violating the natural energy systems of the earth; the heat balance and the weather; and 
without threatening the rich living web of the biosphere.
During the 1960s it became clear to the industrialised societies that the continued growth 
of material and energy consumption was being achieved at the expense of rapid depletion 
of natural resources. The energy crisis of the 1970s just underlined the ever-quickening 
depletion of the fossil fuels resources of the world. At that time, environmental 
considerations were a relatively low priority for many people, and there was little or no 
institutional control (eg. Environmental Protection Agencies) in many countries.
By the 1970s there was enough evidence that ecological disasters were taking place in 
various parts of the world (Ward and Dubos 1972). Public and political debate opened on 
the physical impact and the consequences for collective human welfare, of the growing 
number of industrial nations on the earth's biosphere. It was visible that the increasing 
quantities and kinds of man-made wastes were over-charging the ability of the air, water 
and land to absorb and disperse them. People recognised the manifest effects of pollution 
(dirty air and filthy water) and their long term health and genetic effects.
The environmental movement emerged gradually; protesting and detecting the destruction 
(sometimes irreversible) of natural ecosystems and the loss of air and water quality. It 
matured rapidly and recently shifted its focus on environmental control strategies (from 
treating the waste towards waste reduction, minimisation and cleaner production). 
Instead of filtering or treatment plants, strategies now are directed at reducing pollution at 
the source or not producing it in the first place. Organisations, for various reasons, are 
increasingly motivated to achieve and demonstrate sound environmental performances
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and policies. The ones which encourage profligate energy use are seen as unscrupulous 
in the context of ozone depletion, greenhouse effect and resource depletion.
The environment has become a critical factor to the development of new technological 
ventures. Modem industrial society is elevated and maintained above concerns with the 
elemental necessities of life because of a prodigious supply of matter and energy. 
Without a reliable, continuous flow of matter and energy, the complex urban structure 
can not proceed and many products of industrial civilisation would become just 
encumbrance in the basic effort for survival.
Urban people do not fully comprehend the debilitating results of an unexpected, long­
term decline in energy availability (they only had a glimpse of it in 1973-74 during the oil 
embargo). The dilemma for architects is whether a final probability exists of an energy- 
short future to entail a radical redefinition of the design and use of cities and buildings.
Energy lie at the root of many of the serious global issues people are facing today 
(pollution, waste, diminishing resources of fossil fuels, and climate change). To face 
such problems people have to adopt a firm stance on energy issues. In architecture, there 
is increasing evidence that the need to produce more user- and environmentally-friendly 
buildings is being recognised by users, developers, the media and the public sector.
Energy is a very important point of departure for a broad range of ecological problems. It 
was one of the areas of intensive contention at the United Nations Conference on 
Environment and Development (UNCED), held in Rio de Janeiro, in June 1992. In 
agenda 21* - chapter 9, it was agreed that energy is currently produced and consumed in 
ways that cannot be sustained, and that one of the objectives in promoting sustainable 
development is to reduce adverse effects on the atmosphere from the energy sector.
Van Til (1979, p.319) asserts that of all the fundamental assumptions of recent American 
life, none seems more unshakeable than the belief in the infinite availability of energy 
sources to provide mobility, heating and cooling, and industrial power. Americans 
continue to believe that the energy crisis was a temporary aberration in the international 
pricing structure. They continue to believe that there is no impending exhaustion of oil 
supplies. And, most optimistically, they continue to believe that some new and plentiful 
source of energy, perhaps inexhaustible, sits awaiting the next scientific breakthrough for 
its plentiful employment, ushering in a resolution of all energy problems.
Agenda 21. Adopted by the United Nations' Conference on the Environment and Development (Rio de 
Janeiro, Brazil. June 1992).
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From time to time there have been contentions related to the question of energy 
availability (Butti and Perlin 1981). Rarely have they been examined as of any direct 
consequence to architecture. At first, one could assume that energy has little connection 
to the problem of building. However, it has been supported here that the availability of 
energy can shape and limit what can actually be done in building. The factors of this 
cause-effect association have very different time-scales, and energy availability certainly 
changes more rapidly than spatial structures can respond.
Recently, countless studies and the news media have shown that the natural environment 
is revealing convincing signals of imminent risk to the human survival. The burning of 
fossil fuels is increasing, with unforeseeable consequences for the earth's climates and 
atmosphere. Dust and particles in the atmosphere may also alter the earth's temperature in 
unpredictable ways. Even the vast oceans, covering 70 per cent of the globe and 
providing an apparently inexhaustible reserve of moisture, an endless dump for wastes 
and a perpetual source of freshening winds and currents, are far more vulnerable to 
man's polluting activities than had been assumed (Ward and Dubos 1972, p.46).
The importance and usefulness of both the natural environment and the energy that it 
embodies is well expressed in many facets of human life (Tromp (ed.) 1974). It is so 
pervasive and significant in its interactions with life that, like health or other fundamental 
functions, it tends to be taken for granted until something goes wrong. Hippocrates' 
famous pioneering work on A irs, W aters an d  P laces  is one of the first recognition that 
man's life, in sickness and in health, is bound up with the forces of nature, and that 
nature, far from being adverse and conquered, must rather be treated as an ally and 
friend.
During the later centuries, only parts of Hippocrates' principles were kept alive by the 
medical profession. Nevertheless, a natural form of regulation has also persuaded people 
in such a way that when one commits violations to nature one is subsequently penalised 
by diseases or physical disorders.
At the moment, a great number of designers have become protagonists of energy 
conservation. The word 'energy' appears more and more often in their everyday remarks 
and issues like the ozone layer depletion, the greenhouse effect and landscape degradation 
have become dinner table conversation pieces. An increasing number of clients, 
individuals or corporations have environmental principles or policies which recognise the 
benefits of Bioclimatic Design, both in terms of a favourable model and healthier, more 
vigorous and productive users and workers. They understand that this design approach 
addresses environmental issues and health, it improves air quality and reintroduces the 
natural environment into the living spaces or into the workplace.
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Architecture is clearly attempting to establish new levels of (philosophical, social and 
spatial) design that are needed to balance man’s habits, processes and demands over 
resources (Crowther 1992; Rodger 1994; Yannas 1994; Saini 1995). Essentially what is 
being searched is a design approach which is scientifically based and determined at all 
stages by responsible environmental considerations.
During the last few decades, concepts contrary to the dominant interests of the industrial, 
capitalist culture have been proposed and in fact, considered, such as little or no 
population growth, stewardship of resources, alternative lifestyles and return to simpler 
forms of society (eg. Schumacher 1975). According to Ehrlich et al. (1977), a possibility 
for new directions seems to be the integration of acceptable growth patterns under the 
assumption that the actual demands are approaching the biosphere’s renewal limits.
Rodger (1989) proposes that a long-term future for humanity depends on our capacity to 
design, develop and introduce attractive, low impact life styles and to create 
corresponding systems of architecture for sustainable development;
It can no longer be assumed that our present patterns of living and development can be continued 
indefinitely or that they provide an appropriate basis for the long term survival of human culture. 
Decisions about the built environment and how we conceive our architecture profoundly affect how we 
relate to the resources and systems of the environment.
Increased designers’ awarenesses and clients' determination to modify some goals do not 
seem to be sufficient. To be successful, sustainable policies need support from the whole 
building industry, the public and governments. As an advanced key issue, sustainability 
means new principles, practices, standards and technologies that are necessary to provide 
acceptable qualities of life within stable supportive environments.
A sufficient body of information is now available; many books, papers and articles were 
recently written as serious efforts to put energy and environmental issues in perspective, 
offering sound advice to designers, builders, buildings' occupants, state and local 
governments relating to the potential methods, principles and the political arguments of 
energy conservation and low impact architecture.
4. 2. 4. The energy crisis
As discussed before, the fuels used as energy sources and the methods employed for 
obtaining energy have changed not only with time but also in space. The historical and 
geographical changes are of great significance to the current energy dilemma, because the 
shift has been generally from renewable to nonrenewable sources (from wood, wind, 
water, animal to coal, oil, gas, etc.).
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Commoner (1979) states that the basic reason for the energy crisis is that the energy 
sources on which civilisation rely (oil, natural gas, coal, and uranium) are nonrenewable. 
These fuels were laid down only once during the earth’s history, in deposits that, 
however large they eventually turn out to be, are surely limited in total amount. As they 
are used, they do indeed ‘run out.’ He says that people have been running out of oil ever 
since the first barrel was taken out of the ground in 1859.
The depletion of fossil-fuel resources is now an essential part of humanity’s dilemma. 
The argument is not just that nonrenewable sources will eventually become depleted; but 
those who depend on nonrenewable energy resources face another serious problem - as 
the reserves of fuels diminish, it is expected that their cost will increase and they will 
become too costly to produce. Many influential writers have warned about the 
possibilities of future limited energy supplies (eg. Meadows et al. 1972; Schumacher 
1975; Commoner 1979).
In spite of the evidences of an irrefutable energy crisis, many people still seem 
unconvinced that such crisis was real and not simply a temporary situation contrived by 
the oil corporations and politicians. They tend to consider that the energy crisis was a 
momentary adversity and that all the troubles and restrictions of shortages will not 
reappear in the future.
According to Commoner (1979), the resumption of the flow of energy, at a higher price, 
after the lifting of the Arab oil embargo has only reinforced suspicions that the crisis was 
contrived. But the reality is that present energy sources are limited and are being 
consumed at an ever increasing rate.
The defenders of the free market, in their loyal refusal to recognise societies' impotence 
in this area, often maintain that energy scarcity is not a problem because, when a much- 
used resource becomes scarce, it tends to become more costly. This response to scarcity 
is an inadequate solution to the problem. Once the time comes that a finite resource is 
scarce or difficult to obtain, it will be too late to undo the profuse spending of it.
Endersbee (1979) says that in the period from the end of the Second World War to the 
OPEC oil embargo in 1973, the consumption of oil around the world increased six-fold. 
This made possible a pattern of economic growth that people came to regard as normal, 
but which was shown to be highly sensitive, even fragile, to the increasing cost of oil. 
Since the oil embargo and the ensuing spiralling increase in the cost of all energy 
materials, the oil producers have become the largest and richest corporations on earth, 
replacing the manufacturing giants.
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Markus and Morris (1980, p .l) point out that the situation reached a critical expression 
immediately after the Arab-Israeli conflict of October 1973, with the consequent 
reappraisal, throughout the world, of the availability and uses of the globe's fossil fuel 
reserves. They maintain: "It may turn out that this conflict and its political consequences 
will be seen by future historians of our environment as having created changes as 
significant as those brought about by the industrial revolution and the urbanisation of 
rural populations."
Crossley (1979) suggests that one effect of the energy crisis was that 'it forced the 
recognition of energy as a unitary concept. Previous to the crisis, government energy 
policy had been concerned with the individual forms of energy, so that separate strategies 
were formulated for coal, oil, gas and so on. With the energy crisis, the fact was 
observed that it was essential to conceive of energy as a total concept, and to plan to meet 
society's needs through an appropriate mix of different energy forms.
Another significant effect of the 1973 energy crisis was the sudden advent of government 
energy policy as a matter for public discussion and political action. The OPEC affair 
effectively exposed the then-existing general lack of consideration of energy matters at all 
public and government levels. It emphasised how energy-wasteful contemporary 
buildings had become. Whether one takes an optimistic or a pessimistic view of energy 
resources, the case for conservation is not diminished by the abatement of immediate 
crisis (Owens 1986, p.7).
Merril and Gage (1978) indicate that prior to the energy crisis it was widely believed that 
consuming energy by itself would lead to a better 'standard of living'. The energy crisis 
brought the two broad questions: how can modern society make, without social 
disruption, a transition from a high rate of non-renewable energy consumption to a lesser 
rate of consumption of energy from other sources? and when will people run out of fossil 
fuels? One important energy development since 1973 has been the growing acceptance of 
the potentials for energy conservation.
Chapter 3 discussed the amount of research that has been done on requirements for 
human comfort. Up to the early 1970s, the design of buildings was largely based upon 
optimum conditions which would minimise complaints from the occupants. After the 
energy crisis, energy costs and availability problems have raised questions as to how the 
specification of the internal environment (air temperature, light, humidity and air quality) 
may be changed towards the acceptable limits, rather than optimal, in the interest of 
energy conservation.
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The energy crisis forced a re-examination of building energy use and opened questions 
about the quality of the user's environment as well, with the result that Bioclimatic 
Design and architectural design are now seen to be closely tied and not two separate 
domains in conflict.
It also stimulated the search for a better understanding of the influence of energy on 
architecture, and of ways design decisions affect levels of energy demand. This was 
positively the view in the late 1970s, when all possible means of reducing energy 
consumption were on the political agenda and architects were being urged to re-examine 
their learning and practice in order to develop skills and talent to conform to a different 
flow of energy.
The energy crisis created a well established priority in architecture, that is to meet the 
needs of clients, government regulations and public concerns by producing designs that 
can provide comfortable and healthy environments with energy and maintenance costs 
that are as low as practically possible throughout the life of buildings. This could be 
achieved through better design or/and improved operation.
Robertson (1992) maintains that the energy crisis of 1973 produced a new interest in 
energy efficient building design, as it was recognised that the energy use in buildings 
was a significant proportion of a developed country's energy consumption. He shows 
that the proportion of total energy use attributable to buildings generally ranges from 40% 
in the USA, 30-35% in OECD countries to as low as 10-15% in undeveloped countries. 
He points out that with the production of hydrocarbons often directly related to energy 
production and usage, concerns regarding the impact of the greenhouse effect and climate 
change has further enhanced the importance of energy conservation in buildings.
The energy crisis resulted from society's reliance on nonrenewable fuels which were 
likely to increase in price as long as people continued to make use of them. It persists, 
and it is a very serious fact that has far-reaching implication and that will not be solved 
quickly or simply. To resolve this problem in a long term basis, the cost of producing 
energy must be stabilised.
One way to seek that is to switch from nonrenewable energy sources to renewable ones. 
A possible solution is the transition to a source that is plentiful, renewable, and stable - 
solar energy. By the early 1970s photovoltaic (PV) cells were already in small-scale 
commercial production, and used largely for powering space satellites.
One promising application of photovoltaic cells has been in remote areas and in 
developing countries. Most of these countries lack the national electric network, powered
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by large centralised plants, that is universal in industrialised countries. To build such a 
system involves a massive commitment of capital, which is in short supply in developing 
countries. PV cells have been used to supply power to scattered settlements without 
incurring the huge cost of installing power lines in sparsely settled areas.
A critical obstacle is the fact that, although individual control of energy resources (eg. 
solar collectors on the roof, windmills in the backyard) promise greater equity, because 
wind and sunlight are free, the technology and skills (information) required to produce 
and maintain the apparatuses are not.
In the last two decades the argument for energy conservation has broadened from 
conserving limited fossil fuel reserves to reducing emissions of greenhouse gases and 
other pollutants. C 02 and CFCs have become the main target of environmental concern 
because of the enormity of the changes that may affect the planet through the 'greenhouse 
effect' and the depletion of the ozone layer.
Energy prices have fallen during the first half of the 1980s, and the energy crisis 
reactions have become more fickle, even faded into indifference and complacency. The 
case for energy conservation is still urgent, pressure for the application of Bioclimatic 
Design principles and energy conservation in the 1990s is coming from the direction of 
the global warming concern - the need to reduce carbon dioxide emissions. And the most 
effective way to do this is to reduce energy consumption.
The depletion of matter and energy resources is one of the chief reasons of uncertainty 
concerning the continued ability of the earth to support future human civilisations. 
Today, there is wide recognition throughout the most technologically advanced societies 
that their ability to exploit resources is not without penalties. New concepts such as 
e co lo g ica lly  su s ta in a b le  d e ve lo p m en t have become linked with an understanding that 
society must minimise its environmental impacts, protect and preserve matter and energy 
resources, and use the best information for systematic development.
The architectural repercussion of that is: if an architect is to take part in reducing non­
renewable energy consumption and dependence, he has to understand Bioclimatic Design 
in the context of the modern world (without romantic attitudes or calling for the 
indiscriminate return of vernacular architecture). Fortunately, over the last decade the 
trend in building design has become more related to the natural environment, although 
still persisting with the ideal of a perfect interior environment.
With this environmentally conscious design approach, there is a hope to modify the 
existing dependence on commercial energy, and further, the cost of equipment,
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maintenance and operation of buildings can be greatly reduced. One has to be conscious 
to the extent that change and understanding in the process is difficult and slow, the 
achievements or failures may not be recognised at all, let alone recognised as design.
Although the nuclear energy production cycles seem to lift the resource horizon, the 
consumption of energy must ultimately encounter another constraint - the provision not of 
source but of sink. This question is already pressed by the heat pollution from electrical 
power stations on inland streams and coastal waters and by the atmospheric pollution and 
perturbation of local microclimates by the heat and moisture issuing from such plants. Or 
indeed the disposal of wastes from nuclear power stations.
4. 2. 5 - The greenhouse effect
Bouma, Tucker and Brotchie (1995) recognise that the greenhouse effect is a natural part 
of life, vital to the biosphere. The earth's atmosphere lets through energy radiated from 
the sun, but is able to store part of the energy which is reradiated out into space. If it 
couldn't store this energy* , the energy would immediately be lost, and it is estimated the 
global annual average temperature at the surface would be minus 18°C, instead, it is a life 
supporting 15°C.
They write that the sun's energy reaches the earth as incoming solar radiation of short 
wavelengths. Part of this energy is absorbed by the earth's surface, and then reradiated 
back at longer wavelengths (infra-red radiation or heat). Part of this outgoing infra-red 
radiation gets absorbed by some of the gases that make up the atmosphere, these gases 
are referred to as greenhouse gases. They absorb and reradiate this outgoing radiation, 
effectively storing some of the heat in the atmosphere. The process is called the 
'greenhouse effect.'
Since the Industrial Revolution (see section 2.4), production units, by using the air as a 
huge sewer, have created a potential problem of unknown consequences. Industrial 
activity is regularly changing the composition of the atmosphere, increasing the 
concentrations of some greenhouse gases and adding new gases that are very efficient at 
absorbing heat. These uninterrupted additions may enhance the natural greenhouse effect, 
which may in turn lead to global warming and change the earth's climate (Szokolay 
1992).
Lowe (1990) compares ihe climate of the earth with that of the moon (both are about the same distance 
from the sun). Without an aunosphere like the earUi's, typical daytime temperatures on the moon are 
about 100°C, while overnight minima arc a brisk -150°C (a variation of some 250°C).
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There is now considerable public concern over the rate and direction of climatic change, 
and of human impact upon climate. However, notions that human activity could influence 
weather and climate have slowly permeated public awareness. So-called 'acid rain' was 
first noticed last century, but research, particularly on lake acidification, only progressed 
over the last decade and a half. The 'greenhouse effect' was recognised last century, but 
only recently has human-induced 'global warming' gained scientific credence and 
demanded political attention. Forty years ago, none of these ideas was being seriously 
considered (Chambers 1993, p.257).
It is now generally accepted by the scientific community that the world is facing a real 
problem in terms of what is called the 'enhanced greenhouse effect'. Human impact may 
modify the effects of climatic change, exarcebate or speed the effects, mimic the effects 
or delay them. Chambers says that distinguishing the effects caused by climatic change 
from those caused by human impact has been a frequent theme in environmental debates.
Most production and consumption activities, especially building construction, have some 
effect on the physical environment. As economic and population growth develop, they 
have put more pressure on the environment and the natural resource base. Ehrlich (1994) 
agrees that there is very little doubt that, by altering the surface of the earth and adding 
heat trapping gases to the atmosphere, the human civilisation is changing the climate. But 
the degree and speed of alteration, the direction and nature of regional and local changes, 
and the consequences of change, are very difficult to predict.
He proposes that energy conservation should be a prime goal in all nations. Taking out 
insurance against climatic disaster means taking all reasonable steps to slow the flux of 
greenhouse gases into the atmosphere and to limit land-use changes that influence the 
climate.
During the 1970s and 80s, concerns about energy use and misuse focused on the 
implications of depleting the earth's stock of fuel resources. Today's interest in energy 
conservation and efficiency is urged by a considerably more immediate concern. With the 
increasing rate of pollution directly associated with energy use, awareness with the risk 
of climate change has firmly enhanced the significance of energy in architecture.
Bouma, Tucker and Brotchie (1995) suggest that while there are many uncertainties 
associated with estimating (forecasting) the climatic change and the consequences people 
are likely to suffer, there are a number of governments (and public) moves which clearly 
demonstrate concern for keeping abreast of possible climate changes and their effect on 
the built environment. They reckon that the built environment (in its interaction with the 
greenhouse effect) can suffer from overloaded drains, flooding, rising damp and
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increased wind forces and wind-driven rain (if there is more rain), shrinking foundation 
soils and reduced water supply (if there is less rain).
In October 1993 the United States Government released its new greenhouse policy which 
included some 50 major policy initiatives to meet the greenhouse stabilisation target. This 
included the 'Climate Wise' program, which is a partnership approach between the 
DOE/EPA (Department of the Environment/Environmental Protection Agency) utilities 
and major firms. This involves the development of voluntary reduction targets. Such 
voluntary agreements are also a part of more active plans for greenhouse gas mitigation 
by Canada and a number of European countries.
International agreements are trying to place serious controls on the emissions of CFCs. 
C 02  emissions are not yet intensely touched by global limitation treaties despite the fact 
that C 02  emissions resulting from fossil fuel burning may present a substantial threat to 
global temperature increases (Coghill (ed.) 1990). Discussions are now being advanced 
about the introduction of a 'carbon tax'.
'The role of villain' is, according to Bouma, Tucker and Brotchie (1995), sometimes 
assigned to the built environment with some truth. Certainly a large proportion of the 
enhanced greenhouse gases is generated in urban areas through such activities as heating 
and cooling buildings, operating transport, and producing new buildings and infra­
structure.
They assert that the built environment can also be the 'white knight'. By suitable 
modification of existing facilities and clever, sensitive planning of new developments and 
redevelopments, designers can allow climate and the built environment to more 
com fortably co-exist. Efficient energy planning can help to make a city more 
environmentally desirable as a place to live and work.
Energy efficiency is a primary mechanism to limit the environmental damage caused to 
our planet by energy use (Roaf and Hancock (ed.) 1992); environmental damage that now 
threatens the survival of many people on earth through global climate change*.
It is not only the selection of the energy forms used to operate buildings (fire, coal, 
electricity, nuclear) that have implication to the environment, great attention has to be paid 
to the environmental impact of the specification of building materials. It has been
*T he A u s t r a l ia n  (Tuesday, February. 21. 1995. p. 10) reports that Asia-Pacific nations declared a 'state of 
emergency', due to the threat of inundation faced by islands States from global warming, as developed 
countries were urged to reduce the emission of greenhouse gases by 20 per cent by the year 2005. The 
Manila declaration, supported by more than 100 top-level delegates representing 29 countries at the Asia- 
Pacific Leaders Conference on Climate Change, warned of the threat of global warming on the economy, 
culture and communities of these island States and coastal nations.
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discussed before that most conventional modern building materials (eg. cement, fired 
brick, glass, steel, aluminium) are fossil fuel intensive in their production and so 
contribute directly to greenhouse gas concentrations.
Page (1994) maintains that buildings and their supporting industries must be considered 
the primary cause of potential global warming. He suggests that energy use in buildings 
and for the construction of buildings, which are normally made of energy intensive 
materials, fired to give long life durability, and CFCs associated with air conditioning, 
probably account for at least half of the greenhouse gas emissions, possibly more.
During this last century, with each advance in science and technology, the three factors 
(matter, energy and information) became more interrelated, effective and self-reinforcing. 
The substantial change in the scale of human control over matter and energy (as well as 
over the interactions between matter and information, matter and energy and energy and 
information) coexists with an unprecedented growth in population and urbanisation which 
on the whole can produce circumstances which no one seems capable to foresee.
Connaughton (1992) discusses that there is still uncertainty over the link between the 
build-up of greenhouse gases in the earth's atmosphere and long term climatic change. 
Full implementation of the Montreal Protocol will limit future consumption of CFCs 
which currently account for about 20% of the effective warming from the greenhouse 
gases. "However," he says,
a projection of future world energy demand was made at the World Energy Conference in Montreal in 
1989. This indicated a 75% growth in energy demand and a consequent 70% rise in carbon dioxide 
level by the year 2020. If this happens, and the expected resulting global warming occurs, the 
consequences for the planet and its population could be catastrophic.
4. 2. 6. - Efficient energy planning
Allan Bromley, Director of the USA Office of Science and Technology Policy, wrote (in 
Roaf and Hancock 1992):
During the last few centuries, human society has entered into a new and momentous relationship with 
the global environment. For the first time in history, we have become a geological agent comparable 
to some of the other forces influencing our planet. We have altered the face of the earth by clearing 
forests, building cities and converting wild land into agriculture. During the past century industrial 
production has gone up by more than a 100-fold and the use of energy has risen by a factor of about 
80. We have changed the composition of the Earth's hydrosphere and atmosphere through the use of 
fossil fuels, the expansion of agriculture and the production and release of industrial compounds. 
Almost without recognising it, we have embarked on an enormous, unplanned, planetary experiment 
that poses unprecedented challenges to our wisdom, our foresight and our scientific capability. We are
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just beginning to understand this marvellously complex planet that we live on and the ways in which 
we are changing it, and we need to devote our best efforts to the task. There is not time to waste.
Watson (1987) points out that currently, more than energy shortages and energy- 
efficiency per se impel the continued research and professional interest in Bioclimatic 
Design. Regional and global environmental concerns have lead to a 'systems' view of 
building and environment, based upon a biological view of environmental health and 
resource conservation.
As it was argued in chapter 3, the principles and techniques of Bioclimatic Design are not 
new. They can be seen in indigenous architecture throughout the world and, arguably, 
until some decades ago were fundamental part of many societies' architectural traditions. 
Contemporary architects tend to think that they now face an apparently extra and intricate 
task in undertaking health and environmental analysis of buildings. This enlarged concept 
of environmental architecture includes the building's impact upon air and water quality, 
water conservation, planting and vegetation - the building as an integral part of the 
environment.
Matter in architecture, as represented by building materials, was largely unchanged for 
millennia until the beginning of this century (see section 2.5) The subsequent rapid 
development of material technology, as well as the converging claims of population 
density, urbanisation, consumption, together with increasing site constraints are issues 
that can be related to the evolution of energy-intensive buildings.
Quite recently, architects were encouraged to design buildings with totally controlled 
environments. Commercial, speculative and technical persuasion (from some consultant 
engineers) made many architects move towards more energy-active, climate-rejecting 
designs (sealed buildings). At that time Bioclimatic Design was not fully systematised, 
and some improper design solutions, looking for energy conservation, recommended 
reduced rates of ventilation and the elimination of infiltration; the situation exceeded 
anticipation, leading to the curse of what is now called 'sick building syndrome'.
Fascinated by the advances of science and technology, many architects seem to have put 
undue trust into building service installations. Among other problems, many buildings 
are uncomfortable at least, at worst mysteriously damaging to the personal health of their 
occupants. The time has now come where designers are asked to examine and explore the 
effects of buildings, both malign and salutary, on the very creatures they are supposed to 
protect.
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Post-Second World War design and construction practices have been promoting 
unsustainable levels of matter and energy consumption, mostly of non-renewable 
sources, By doing this they have reduced the need to explore direct and definite 
resolutions. This problem is relevant to many countries where non-renewable resources 
are being exploited and renewable resources are being run down without being restored.
Battle and McCarthy (1994b) write that by the twenty first century 70 to 80 percent of the 
world's population will live in concentrated urban centres, and as technology renders the 
field worker redundant and as population increases, more and more people will migrate 
away from their rural settlements to the urban centres, thereby increasing pollution and 
placing greater demands on the world's already depleted natural resources.
The demand to reduce the impact of buildings on the global environment, whilst 
improving the quality of the indoor environment, can result in requirements to improve 
the quality of the design, construction and operation of buildings. This calls for improved 
collaboration between the different design disciplines and requires the architect to procure 
the necessary means to become more actively involved in the environmental control 
aspects of design.
Some years ago, the then President of the RIBA, Alex Gordon prophetically invented the 
design philosophy of long-life, loose-fit, low-energy. By 'Long-life' he meant that 
buildings should be built, and products chosen to last, to optimise on the matter and 
energy content of the materials of which they are made; by 'Loose-fit' - buildings should 
be adaptable and flexible. They should be capable of being used for a variety of functions 
during their life span without incurring energy wastage through rebuilding for successive 
reorganisations of space. As for 'Low-energy' he implied a building which should have 
low recurring energy needs.
There has been a great surge of interest recently throughout the world in the study of 
Bioclimatic Design. It has been widely recognised that there is a need for effective means 
of providing healthy and comfortable environments in buildings. The words 'healthy' 
and 'comfortable' have got an evaluative sense; implying that there is a relative 'value', 
'goodness' or 'appropriateness' of the internal environment.
The situation of unrestrained economic growth and high consumption patterns is now 
being scrutinised. It may be the case that designers' and users' demands and ideals will 
have to be modified according to the availability of matter and energy resources. 
Resources and environmental requirements may even become more relevant than they are 
now for the definition of priorities, method and regulations.
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As discussed before, architecture can be practised to take maximum advantage of the 
energy cycles of the natural world. Siting, layout, orientation, fenestration of buildings 
and landscaping can determine the extent to which they can be warmed by or shaded 
from the sun, and ventilated by or protected from the wind. Given that the energy costs 
associated with the lighting, heating and cooling loads dominate the energy costs (eg. m 
commercial buildings), critical design issues are whether the building will be naturally 
ventilated, mechanically ventilated or air-conditioned and whether daylight will make a 
significant contribution to the lighting requirements.
Stephenson (1976) notes that there is a general agreement that the amount of energy 
needed to operate buildings can be reduced without requiring any substantial changes in 
the way people live. But it will require many changes in the way buildings are designed, 
constructed and operated.
Effecting these changes is a prime intent of Bioclimatic Design. As an approach to 
architecture it requires thorough knowledge. Its application needs particular skills and 
influences design activity, it can result in lower energy consumption and environmental 
impact and a more positive response by the occupants to the indoor environment.
With the prospect of an energy crisis and the prevalence of the environmental 
conservation movement, any energy-extravagant approach comes into serious contempt. 
The sensible architect is being required to consider long-term objectives when making 
design decisions and specifications. It is now well-known how these decisions directly 
influence energy use for the decades to come*.
Aware of the energy and environmental implications of building design, governments are 
trying to develop energy standards or energy rating system for buildings. They usually 
set out the maximum acceptable energy budgets for different types of occupancy or 
required building performances. They leave the designer free to decide how to meet the 
requirements. The architect works with a great scope for innovative design, but this 
carries with it a responsibility to make accurate estimates of energy consumption.
While a growing number of residential, commercial and public buildings are found to be 
bioclimatically efficient, and more professionals are moving towards applying effectively
*As an example, in 1976, the Federal government in Canada developed a program for energy conservation 
in order to ensure that Canadians would continue to have enough energy to meet their essential 
requirements. Stephenson (1976) reports that work on energy conservation in buildings has been singled 
out for special emphasis because almost 40 per cent of all the primary energy used in Canada was for 
heating buildings and producing electricity to power the lights, water heaters and other appliances that arc 
used in buildings.
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the principles of this approach, there is still a great inertia. Convincing students and some 
architects to follow this lead continues to be difficult (see chapter 3).
There has been an increasing observance that the interaction of architecture with the 
environment must be understood and fostered (eg. Aronin 1953; Szokolay 1980; Fathy 
1986; Watson 1987). It is also a fact that technological control over the indoor 
environment is increasing rapidly. However, there is a general scepticism in each new 
development as they are often seen as a potential to create adversity and make the world 
less livable (a good example is the hesitancy to approve air conditioning, when people 
know about legionnaire disease and the CFCs role in the diminution of the ozone layer).
Coupled with this is the personal commitment of many designers and clients who believe 
it imperative to use Bioclimatic Design principles and theory because they appreciate the 
importance of the natural energies of the climate, stabilising emissions of greenhouse and 
ozone depleting gases, and minimising pollution of this planet.
The social and environmental benefits of using energy efficiently are more and more 
widely recognised, and since the 1973s energy crisis there has been growing interest in 
ways in which architecture might contribute towards this objective in the longer term. 
Architects now are expected to respond to the growing demands and expectations of 
government and the wider community for efficient energy planning and ecologically 
sustainable development.
The commercial benefits of energy efficiency are also being increasingly recognised by 
clients. As Roaf and Hancock (1992) suggest, energy efficiency means developers can 
build cheaper and simpler buildings, tenants pay lower running and maintenance costs, 
and building users are more productive and healthier in the better indoor environments 
which can accompany energy efficiency in buildings. Clients are also influenced by the 
fact that many of the best of modem buildings have energy efficiency high on their list of 
design priorities, and the ability to produce energy-conserving buildings is becoming a 
hallmark of first class designers.
Within the last two decades or so, several new magazines and journals (eg. A rch itec tu ra l  
Science  rev iew , E n e rg y  a n d  B u ild ings, In te rn a tio n a l Jo u rn a l o f  A m b ie n t E nergy, S o la r  
P r o g r e s s , B u ild in g  a n d  E n v iro n m e n t) as well as existing ones (eg. The A rc h ite c t 's  
J o u rn a l, ALA A r c h ite c tu r e , The P ro g ress ive  A rc h ite c tu re , etc.) have been issuing an 
increasing content of Bioclimatic Design subjects or were even specifically devoted to 
reporting on related topics.
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Prasad (1994) suggests that non-residential buildings are a major cause of concern in 
terms of their impact on energy requirements for their construction and operation. Their 
effect on greenhouse gas emissions is significant. He considers that a proportion of these 
requirements can be addressed by energy efficient design strategies. He demonstrates that 
bioclimatically designed buildings make good sense not only ecologically and in terms of 
a reduction of greenhouse gas emission but also in a commercial sense. "Buildings 
designed for low energy use - incorporated into the actual design and fabric - reduce 
operating costs significantly."
The current advancement of Bioclimatic Design is supporting the imperative task of 
producing environmentally friendly, low-energy architecture for the future. It is 
propagating values and a new aesthetic to architecture as well as creating buildings which 
are liked by users because they have a more natural and cheering internal environment.
The architectural knowledge basis has expanded considerably and objectively (refer to 
chapter 3). This fact, together with some contemporary concerns, have placed pressures 
on architects to extend the range of their activities. Some have sought to broaden their 
role in society; they have sought to cast themselves as political philosophers, 
environmentalists, politicians and social organisers.
Energy efficiency planning, together with the wider adoption of Bioclimatic Design has 
been important for a number of reasons:
- In many places, a large proportion of the available energy is consumed in buildings. 
Because of the close relationship between energy use, pollution and climate change, it 
is becoming critical that energy consumption in building is minimised.
- Changes in standards, legislation and taxation made it increasingly important that 
architects actively seek to educate themselves in energy efficiency.
- Many architects are, for global environmental reasons, seeking to incorporate higher 
energy standards in their buildings.
- Deliberately, the building industry is encouraging its members to increase their 
standards in energy design.
4. 2. 7. - The environmental ethos
The value of what the natural environment supplies has been systematically undervalued. 
Simply, no one has to be paid for it. It took the evolving combination of life on earth 
(some billions of years) to produce the complex systems which people now manipulate 
and depend upon.
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Before any of the prevailing global environmental problems (eg. air pollution, the ozone 
hole, the greenhouse effect) became widespread, customary beliefs linked people's 
vitality to the vigour of the biosphere (this is clear in many transcripts of the oral 
traditions of North and South American Indians) and sustainable practices were adopted. 
People lived from the 'income' of the earth's resources, not its capital.
Control over the natural flow of matter and energy first occurred when human societies 
initiated the domestication of plants an animals (see section 2.3). With the emergence of 
industrial processes during the last two centuries or so, human domination over nature 
has grown exponentially. Today people are consuming the non-renewable capital assets.
Existing propensity of urban societies to separate themselves from nature has brought 
unprecedented negative and destructive results. The ethical and environmental crisis is 
forcing people to consider seriously their unity with nature. The new science of ecology 
urges that people must recognise their reliance on nature and their interdependence with 
the environment (Smithsonian Annual II 1968).
The energy issue is an important component for a broad range of ecological incidents. 
The Industrial Revolution has been dependent on the exploitation of cheap energy and 
cheap labour. Labour, in many countries, is no longer cheap, and energy sources are 
becoming scarce. People are now facing the inevitable - the transition to a less labour 
intensive society.
In addition, there is an array of environmental mega-problems which are, bluntly put, a 
direct result of people own actions, individual and collective. People are granting an 
unsettled world to future generations, and they know it. If they are reminded of this, they 
get concerned, stirred up about it, but then forget, overwhelmed by their busy and 
complex responsibilities of daily life.
This dilemma comes to a limit when a crisis is so far-reaching that people have actually to 
re-examine their priorities and responsibilities, and conceive things in a different way. 
Unrestricted energy consumption and material affluence is now seen as a major problem, 
not a solution. Contemporary architecture has spent so much energy keeping its visual 
splendour that architects rarely reviewed what the pomposity is actually contributing to, 
and for why. In the rush to fulfil their own prestige, personal fantasy, to take on the 
fashion contest, many designers lost their lucid opinion, their sense of the 'big picture'.
Humankind is facing now urgent problems raised by the effect of mass production and 
mass consumption, excessive resource use and the increasing concentration of population 
and wastes. No longer can the abundance of matter, in the form of basic materials, and
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energy, in the form of biomass or fossil fuel, be taken for granted, and no longer can the 
supply of them be assumed continual.
If the discipline of Bioclimatic Design attempts to achieve a low impact, ecologically 
responsible approach to architecture, then architects have to understand the interactions 
between the major factors that make up the built environment, as well as the interactions 
between the built and natural environment. Knowing these connections and correlations, 
the core role of energy and the effect of its use, designers could formulate strategies for 
their work and practice which can be both beneficial and sustainable*.
Increasing public concern about the environment has changed the notion of what is 
desirable. Architecturally, existing environmental standards significantly influence the 
present energy and material supply situation. When a material is specified now, the 
environmental effects of extracting, producing, processing, and using it must all be 
considered. It is now clear to many architects that they should consider their duties and 
respect for the future of this planet and for generations to come.
A relevant mandate on this theme was given by the World Biennial of Architecture in 
Sofia, July 1991 (in Lane and Malkin 1994): "Our planet is deteriorating. There is a 
global need to save the ecological base on which all life ultimately depends. We have to 
achieve an organic coexistence between the natural and built environment, thereby 
ensuring a better life for present and future generations."
Environmental issues are conspicuous on the public and political agenda worldwide. The 
conservation movement has increased dramatically, and public concern with the 
environment is being reflected in tighter regulations and standards. Sustainable practices 
and developments are concepts that are in every political agenda throughout the world, as 
an alternative system to the prevailing model of economic rationalism.
With the energy crisis of the 1970s and the development of information in scientific and 
technological devices, humanity has acquainted or acknowledged the reality of this 
planet's limitations that matter and energy resources of the earth are not inexhaustible and 
the essential conditions for human sustainability are at risk.
Young children are having environmental education in schools and they are supportive of 
the protection of the environment. They are concerned with global problems such as the 
destruction of the ozone layer, water pollution, the greenhouse effect, energy
* Sustainable development, as it is commonly agreed (eg. Goetzberger 1993), has the following broad 
meaning: "Every generation has to meet its needs in such a manner that the existence of future 
generations is not endangered." Rodger (1994) maintains that for architecture to be sustainable it must not 
advance the depletion of material and energy resources to compromise the ability of future generations to 
meet Uieir needs.
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conservation, recycling, etc.. But it is the scientific and intellectual community which is 
now at the forefront of the 'green movement' and environmental activists now include 
from primary school kids, to famous super stars and leading politicians.
Widespread publicity for 'the environmental problem' over the last decades has coincided 
with a proliferation of scientific interest in architecture. Bioclimatic Design has become 
one of the fundamental disciplines of architecture, because it allows students to observe 
both the practical relevance of the problem (involving energy, people and the 
environment) and an array of scientific laws on which architecture is based. However, 
not only the fundamentals of this discipline should be studied, but also all other important 
aspects of the man/building/environment relationship. Design decisions must be specific 
and personal rather than generalised and mechanical.
This concerns the relevance of the training of the professional architect; the architect needs 
to be able to recognise how his practice is organised and the place it takes in modem 
society, as well as his capacity in the application of science and technology to the 
purposes of sustainable practices, energy efficient buildings and healthy comfortable 
environments.
It seems unequivocal that making use of the proposed framework is a matter of seeing the 
conditional factors, recognising them, and making the best use of the resources available. 
It suggests that the prevailing architectural ethos must change; it must become more 
logical and reflective, instead of heedlessly extravagant and wasteful.
Modem Western culture is used to wasting cheap energy. Yet there is no allusion that 
energy will ever be cheap again. Societies evolve successfully when they adopt sensible 
attitudes towards resource consumption; wasteful designs and uses could be eliminated to 
leave resources for more vital purposes. Systematic decision-making processes that 
promote efficient use of matter and energy and equitable distribution of these resources 
should replace irresponsible dreaming.
This claim emerges as a general trend, following the necessity to keep pace with changing 
societal values. Recently (this is a consistent current affair) the major industrial nations of 
the world (United States, Germany, France, Canada) in their self-interest, have generally 
encouraged their companies to get involved in conservation and sustainable development. 
They recognised that they have a crucial role in preventing pollution at source, in waste 
minimisation, in energy conservation and in the use of clean technologies.
Obviously the energy and environmental problems discussed in this chapter are of major 
significance for our future in both the short- and long-term from a global perspective.
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The architectural profession has become widely aware of the situation and is carrying on 
research to ensure overall commitment and to identify and foster work in areas of 
weakness.
4. 2. 8. - Research - many areas of uncertainty need resolution
One general purpose of conducting research is to uncover new information that is relevant 
to and reliable for the solution of problems. Research in architecture, among other 
interests, generally seeks to provide a more rational basis for the design, construction and 
operation of buildings. It is particularly important because it can motivate architects to be 
more explicit and aware of what they are proposing and trying to realise.
The techniques used in research are based on scientific methods, and they must follow a 
systematic procedure. The phenomena that are to be researched and the purpose of 
studying them directly influence the formulation of the problem and the research design.
Because of their specific environmental demands, buildings such as hospitals, theatres 
and prisons had been subjected to thoughtful research since the nineteenth century. 
Collins (1967, p.230) says that railway stations, prisons and theatres were the first 
building types to be dealt with in monographs, whilst hospitals constitute the first type of 
building to be the subject of serious scientific research. The great development of artificial 
ventilation was largely due to research on hospital and prison design.
Human reactions to the surrounding environment have been an issue which has occupied 
the minds of those in the building industry for a long time. In this century, particularly, it 
has been the focus of a prodigious amount of research by many engineers, architects, 
physiologists, etc. (see chapter 3). In this discipline, two main research methods have 
been used lately; the climate chamber (specially constructed room whose environment can 
be controlled) and the field-study (people in their normal environments).
The typical and more conventional problems in architecture were often relatively simple; 
they consisted of technical issues or properties related to structural safety, strength, 
durability, preference or economy. People's responses to the environment and building 
performance prediction are problems that, although essential, have been inhibited and 
discouraged from educational institutions and research organisations because 
measurement, prediction and precision could not be easily attained.
While quantifiable and measurable facts could be truly determined and observed by 
scientific methods, they would not necessarily contemplate the most decisive issues,
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especially to architectural design. Moreover, one event that is not precisely calculable and 
predictable cannot be simply left aside as unscientific.
During the last century, increasing attention had been directed to the necessity of defining 
the practical requirements arising from the individual reactions to light, sound, heat, air 
movement, moisture, olfactory effects, posture, etc. This has become an institutionalised 
field of applied research for nearly half a century, and its findings confirm the realisation 
that, in architectural theory, there was a lack of the basic physiological knowledge on 
which elementary definitions are founded.
Only after some experience and applied research carried out in various fields and 
institutions worldwide, it was generally realised that the conventional approach and 
content in architectural education and professional practice did not provide architects with 
proven knowledge to develop effective solutions for most of the problems regarding the 
energy flow between people, buildings and the environment (this is clearly evident in 
major publication of the period between 1920s and 1960s. (eg. Architectural Forum, 
RIBA Journal, Architectural Record, etc.).
The energy demands of buildings have motivated positive directions to Bioclimatic 
Design in its technological and scientific aspects; it helped people to discuss problems, 
strategies and methods of conducting research which were specific to the interests of 
architects, employing a mathematical and experimental methodology.
This has expanded the conceptual and theoretical understanding of the connection 
between people, buildings and the environment. It is also helping architects to make 
prudent decisions about energy and use it to positive advantage, whilst, at the same time, 
comfort and health standards are ensured.
In normal circumstances, traditional architecture has achieved a balance between climate, 
technology and comfort (Olgyay 1963; Cook 1987). It was also capable of delighting the 
senses (eg. the classical architecture from Greece and Rome). The imperative for 
comfortable and efficient buildings which can match their climatic setting has remained 
constant in spite of many changes in culture, style, fashion and technology. The response 
to this need has been complicated by evidences of fluctuating energy supplies.
Healthy urban life requires understanding and wise utilisation of the complex energies 
and resources, part of the physical environment surrounding people. Early research 
activity in Bioclimatic Design was, to a large extent, committed to investigation of socio­
medical problems (eg. Bedford, Drysdale, D. K.Lee, McPherson, etc.). Its findings may 
be considered as the basis for the determination of limit values of human endurance,
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satisfaction or well-being. They have mostly been defined in physical units which at first 
seem to be practical and of objective use.
Hopkinson (1963) brought to the attention of designers the subject of 'psychophysics' 
which contemplates the stimulus and sensory reactions of the relationship between people 
and their surrounding environment. He observes that over the years between 1950 and 
1963 increasing attention was given at the Building Research Station (BRS) to the study 
of subjective reaction, human beings as meters of their surroundings, stressing those 
aspects of building science which are concerned with human beings in their environment.
These findings sought to provide a scientific basis for the design of buildings. They form 
the very start of a chain of functional requirements to be included in the many stages of 
design, building construction and regulation. There are still subject of many discussions 
but their usefulness is relevant for many areas of the building industry. It is certainly true 
that some factors are more important to building design than others.
Research emphasis has generally been placed on laboratory measurements and objective 
observations. These have been mostly concerned with the building as a construction; 
with materials, structural principles and methods of building. It has been possible in 
Bioclimatic Design to evolve basic design criteria from scientific studies applied to 
buildings, but the building is seen as a dynamic visual, acoustic and thermal system.
It became evident that architectural purpose and performance cannot be assessed in terms 
of the building fabric alone; it must be discussed in relation to its occupants (whose needs 
must be satisfied) and in connection to its surrounding environment. Increasing attention 
has therefore been given to the interaction between the individual and the environment.
Both the scientific basis and the developed tools and technology, now at hand in the field 
of Bioclimatic Design, have provided remarkable advances of profound consequences to 
architectural design, which represent absolutely unprecedented techniques in both scope 
and precision.
Directly or indirectly, this advancement has mobilised the work, time and efforts of 
hundreds or even thousands of engineers, architects, environmentalists, physiologists, 
psychologists, climatologists, geographers, meteorologists, physicists and many other 
professions and institutions throughout the world. Their work has now resulted in a 
conceptual basis for a wholly new approach to architectural design.
One might infer a contradiction in this, as there is an apparent failure in real life, to 
achieve acceptable levels of comfort performance in many buildings, in all cities of the
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world today, even considering the level of the available technology. Nevertheless, this 
deficiency in design of so many buildings is somehow conceivable; firstly, because of the 
irresistible presence of the so called 'active' environmental systems technology. The 
extended list of modern devices and equipment now available (some rendering 
questionable results) - all designed with the purpose of modifying the indoor environment 
by heating, cooling, humidifying, dehumidifying, ventilating; for artificial illumination; 
acoustics and electronic communications - has made architects believe that they could well 
ignore the environmental control function of the building fabric for it to be handled later 
by mechanical and electrical consultants.
A copious amount of academic research on energy in architecture has been carried out 
recently. Although some observations remain incomplete, there is an moving degree of 
coherence about the conditions and the implications of the use of energy in buildings. 
Investigations, interests and studies of energy needs and resources have proliferated at all 
levels since the 1970s energy crisis. Research in this field has become a high priority by 
the worldwide depletion of natural resources.
Snyder (1984, p.31) writes that the biggest stimulant to architectural research in the last 
decade or so has been the perceived shortage of energy resources and the consequent 
increase in the cost of the energy used for the heating and cooling of buildings. Research 
on energy conservation has been a major program* of the U.S. Department of Energy 
and the American Institute of Architects; it has been the mainstay of the AIA (American 
Institute of Architects) Research Corporation (now the AIA Foundation).
In a sense, periodic research and the consequent development of Bioclimatic Design were 
made necessary and society demanded it. Since the Second World War there has been a 
growing awareness of the diversity and complexity of architectural problems concerning 
the well-being of building users and the physical environment. If any, architects have had 
only very limited training and experience on such matters.
At an institutional level, research groups, architectural science units, sub-departments or 
even departments in some cases, with an active life of their own have emerged, (eg. the 
Texas A&M Experiment Station; the Princeton Architectural Laboratory; The 
Architectural Science Unit at the University of Queensland; The Building Science 
Department, Sheffield University; The Environmental Design Engineering Program, 
Bartlett School of Architecture and Planning; The Center for Environmental Design
Through the AIA and the AIA Research Corporation some information and basic principles have been 
developed and published. Snyder says that the cost of energy has been of tremendous interest to almost all 
clients, and almost all architects. He concludes that it is evident from a number of sources that research on 
energy consumption in buildings is done by architects and used by architects.
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Research at the University of California, Berkeley; The Department of Architectural and 
Design Science at the University of Sydney, etc.).
Systematic research on integrated systems of passive and low-energy architecture is a 
relatively recent phenomenon. Only about the late 1960s did more worldwide interest 
arise in the subject of Bioclimatic Design. Individual and institutional studies on various 
aspects of this subject were carried out during the last 30/40 years in various research 
institutions throughout the world (some of them were listed in sub-section 3.2.8). 
Remarkable efforts have been made recently by the University of California, Berkeley, 
through the Lawrence Berkeley Laboratory's Center for Building Science, currently 
North America's foremost building research establishment, and its Center for 
Environmental Design Research.
With the growing realisation of limited energy resources and the problems of pollution 
surrounding them, the global environmental issues and the total energy approach to 
architecture became of increasing importance. Research in the different fields contributing 
to Bioclimatic Design (heating, cooling, ventilation, acoustics, daylighting, etc.), as yet, 
has rendered only partial, though admittedly important, inputs to the task of identifying 
and solving problems of the man-impaired environment. Planning or designing the 
necessary transformation of this environment requires knowledge from those or even 
other disciplines, and this indicates how the feedback system works.
Considering that some research areas in Bioclimatic Design are at a relatively early stage 
of development, at least when compared with other fields, it is evident that they are 
evolving with a high level of scholarship. They include subject matters from the physical, 
biological and social sciences and present unique focus and methodology.
The research done in this field is still incomplete, largely based on assumptions and weak 
data or simulated experiments, in addition to being based on incomplete and partly 
unreliable evidence. Researchers have had a difficult time convincing people about the 
effectiveness of fundamental principles (such as energy conservation), many of which 
are quite complicated and far reaching.
In architecture, technology is a means and not an end. This is why one of the main 
purposes of research in Bioclimatic Design is to attempt to furnish predictive tools, and 
not just explanations. Researchers in this discipline, like in some other sciences, have 
generally a deep-rooted need for descriptive rationalisation and mathematical simulation. 
There is nothing wrong with them, but even if they are seemingly correct, they are 
somehow insufficient; the designer needs to know how they can be best applied.
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Researchers in Bioclimatic Design seem troubled with a variety of theoretical, 
methodological, and even philosophical problems and uncertainties, which may come to 
affect the architectural student and the professional. There is no doubt that everyone is 
aware of the multidisciplinary nature of this field but how to organise training and proper 
practice in this context is still not a clear issue.
Many architects have recognised and expressed interest in the potential contribution of 
Bioclimatic Design to human comfort and energy conservation. Some, in an attempt to 
translate the available information into theory and practice, have published persuasive 
papers, articles and books while others have tried to integrate energy considerations into 
the design process.
Current scientific knowledge and technical competence can provide much higher, more 
precise levels of prediction and performance than ever previously. What seems to be 
needed is some kind of further development work which can create opportunities for the 
translation and condensation of current knowledge into useful design-decision base.
General agreement exists that attractive opportunities for research were and still are to be 
found in this field and that much needs to be done, especially with respect to a 
coordinated and integrated approach to the problem where the environmental control 
function of a building is not to be considered separately from other elements of design, 
but the entire design process is to be directed from a unitary standpoint.
Bioclimatic Design does not give greater weighting to quantifiable factors than the 
qualitative ones. As a positive example of the development of science in architecture, it 
does not advocate the quantifiable alone. It attempts to systematise the intake of relevant 
information into the design process so that all the legitimate factors are allowed to play 
their appropriate part in determining the final product.
Bioclimatic Design, as a newly developing field of research in architecture, has delimited 
no strict boundaries between 'inside' and 'outside' its field of interest or even between 
large or small domains. It has been of a wide scope and, so far, it indicates a broad and 
promising commitment to good design and the development of the built environment as 
an integral part of human civilisation.
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Summary of chapter 4
This chapter urges that there are important categories of values and problems to which 
architectural knowledge, by itself, has traditionally been incapable of communicating. 
Most especially, it has not taken into account the web of life interdependency. 
Conveniently, designers have tended to veil the ways that design decisions have an 
impact on other people, on the fauna or on the environment, even when they are not 
directly dealing with them.
The last three chapters have shown that architects find themselves continually confronted 
by new needs, new constraints, new regulations, new technologies and so on. The 
extend to which priority is given to a particular aspect of design alters over the years; 
something that once was essential may become later an irrelevant factor and vice versa.
Architects are currently being asked by the public concern to be conscious of their actions 
and to weigh and reduce the effects of their environmental interventions against the total 
scale of the planet's matter and energy systems.
Since the advent of the Industrial Revolution, great transformations have taken place in 
the matter, energy and information relations between humans and the environment. Ever 
since, innovations have been essentially attempting to harness energy and matter to 
satisfy increasingly complex, short-term human needs. More recently, the right 
management and the sustainable use of these resources has proven to be of great 
significance for people and nature on the long-term perspective.
Twentieth century technological achievements made clear that full control of the internal 
environment could be easily attainable. Indeed, it is possible to control the quality of the 
internal environment to very precise limits; However, depending on the way it is done 
(energy-intensive methods have become the normal way of meeting people's comfort 
requirements), it can seriously degrade the natural resources. The customary way of 
burning fossil fuel or using biomass for energy cannot continue ad infinitum. Non­
renewable energy sources can eventually exhaust and this is a serious cause for concern.
Section 4.1 discusses that historically, many architects were able to design conforming 
with prevalent flows of matter, energy and information, without degenerating the 
profusion of the environmental resources. They have done this by creating buildings 
intentionally devised to be conventional, to fit the existing patterns. Perret once remarked 
(in Collins 1967, p.299);
He who, without betraying the modem conditions of a programme, or the use of modem materials, 
produces a work which seems to have always existed, which in a word, is banal, can rest satisfied. 
Astonishment and excitement are shocks which do not endure; they are but contingent and anecdotic
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sentiments. The true aim of art is to lead us dialectically from satisfaction to satisfaction, until it 
surpasses mere admiration to reach delight in its purest form.
As it has been argued before, energy has always been one major component in 
architecture. But its conscious and systematic use is a complete new issue in design. The 
new approach proposed by Bioclimatic Design has already marked its importance and 
caused a radical redefinition of criteria of what constitutes good and successful 
architecture. Buildings are now publicly appreciated by their efficient use of energy, and 
they become recognised by their high performance. Architects nowadays [eg. Tom 
Albers (Holland), Alexander Tombasis (Greece), Mick Pearce (Zimbabwe), Domenique 
Michaelis (France, UK), Don Watson (U.S.A), Glenn Murcutt (Australia), Severiano 
Porto (Brazil), Ken Yeang (Malaysia)] gain reputation and recognition by giving due 
consideration to bioclimatic issues as the basis of their designs.
Bioclimatic Design principles are addressing the very urgent necessity of developing 
design tools, architectural solutions, building components and systems that are humanly 
desirable (healthy and comfortable), as well as ecologically sustainable. Current 
circumstances are such that this discipline is considering that environmental standards be 
determined not only by considerations of health and comfort but by sustainable practices.
Energy efficiency has become of increasing importance to those who design, construct, 
operate and use buildings. As yet, progress in research and application in this field has 
been made almost exclusively on the energy required to operate buildings, these operating 
energy demands and costs are readily apparent and easily understood. Much more needs 
to be done with the energy embodied in the materials which buildings are composed of, 
this represents now a distinct area of study.
There has been much talk about the possible effect of climate changes on people and on 
the built environment. But even without the risk of such changes, architecture and climate 
must co-exist. The general movement toward a more environmentally sensitive 'green' 
architecture attests that Bioclimatic Design can truly increase in popularity.
If one is to draw any rationalisation from the current conflicting obligations of the 
profession, it will certainly entail the magnitude of the task of making healthy, 
comfortable and sustainable environments for people. Opinions about whether or not a 
building fits harmoniously into the environment into which it is set can be superficial; and 
many designers take it as of secondary importance when compared with formal, visual 
issues, or with the fascination of architectural novelty for its own sake. However, many 
people, even outside the profession, consider observance to Bioclimatic Design principles 
to be never more urgent than now, when there are so many threatening global issues.
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C hapter 5 - Conclusion
"All arts were begot by chance and observation, and nursed by use and experience, and improved and 
perfected by reason and study." (L.B.Alberti, D e  re  a e d if ic a lo r ia , Book VI, chp. II.)
5. 1 - Definition
"Bioclimatic Design" has been defined in the introduction (Basic definitions). The work 
carried out provided no reason to alter or further elaborate that definition.
5. 2 - Evaluation of the work
This work is research of an exploratory type; the history of Bioclimatic Design has not yet 
been comprehensively treated. Techniques of building adaptation to local climate can be 
found in all architecture. Its long history of evolution and gradual modification have been 
recorded in a very diffuse way: by the different methods, materials and techniques 
developed throughout the world in various regions, climates, cultures and architectural 
styles.
Chapters 2 and 3 argue that innovation in architecture often follows an evolutionary 
sequence of events (from the origin of an idea or concept to its adoption, trial and final 
resolution). Along this process there are assessments, modifications, reinventions, 
verifications, and improvements, which often lead to the inclusion of different people* or 
group of people completely distinct from the original innovator.
Although this research could not trace back ideas to authors, it has a decisive value in 
contemplating general events. It establishes important connections between the subject 
matter and major historical events. In the introduction and in chapter 1 the object and 
scope of this thesis is discussed and a framework is proposed. It does not approach the 
problem by considering history as a narrative account of the past, but rather by revealing 
the extent of the field under study.
Bioclimatic Design has been understood by many as a convergence of science and 
engineering (domains which are traditionally seen as direct results from experimental 
data), therefore very little or no appreciation has been given for the historical, social, 
cultural, or regional context from where it was derived. Because Bioclimatic Design 
interfuses many different fields, this study has intrinsic implications to and obvious 
connections with the history, the development, the education and practice of architecture 
in its ample circumstances. Nevertheless, its scope has been specific in content and aim 
and its object limited and restricted to its purposes.
* It is not always the person credited in public as the author who is the real carrier of the original idea.
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Throughout this thesis, the need to maintain the three factors in an interconnected 
representation was purported. Energy is certainly the factor which is most associated to 
life and all its processes.
5. 3 - The framework proposed
Most available evidence, in the form of primary source documents or architectural texts, 
has been too circumscribed in range and too limited in amount to permit this research to 
advance very far in other directions. Having such limitations, it was possible to anticipate 
the inability to assort important documents relating to specific developmental trends in 
buildings as related to their utilisation of energy. What contributed most to resolving this 
problem was the establishment of the framework in chapter 1. It helped to systematise 
this thesis, to the point at which, long well-founded sequences of events, transformations 
and interrelationships in time and space could be formulated even in the absence of 
written records. It also helped in selecting historical events relevant to the topic.
The number of variables that can be used in an architectural study, such as this one, is so 
large that it is clearly impossible to try to specify them; there is considerable variations in 
styles, forms and sizes of buildings; obvious contrasts between conditions in 
industrialised and developing; small and large cities; as well as variances in materials, 
culture and the energies of the environment. This thesis has not attempted to invalidate 
any factor or to claim that some are more relevant than others. What it proposes is to 
amalgamate them into uniform, objective, manageable categories where all variables can 
be systematically encompassed.
This framework has been useful in the sense that it permitted an unconventional study of 
architecture and simultaneously derive the context for the investigation of the 
development of Bioclimatic Design. It has been particularly pertinent for the structure, 
aim and organisation of this thesis; as it identified energy as a basic and inevitable factor, 
inherent in all architecture. The reduction of the field of study to its ultimate components 
offered the advantage of making it objectively observable, irrespective of all variables and 
changing situations and contexts. The matter, energy and information framework 
attempted to create an order out of the multitude of (apparently unrelated) factors, 
considerations and influences that contribute to architecture.
No attempt has been made here to articulate the three selected factors or specific sets of 
sub-factors for any single place or context. The focus has been with the most general 
level of the energy relationship between people, buildings and the environment as a result 
of people's requirement for health, comfort and well-being. Although this study 
identifies energy (one of the factors) as the core component of the discipline of
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Bioclimatic Design, it suggests that it is fundamental to consider energy in the context of 
life.
Having determined energy as a focus, this work establishes the vital correlation between 
architecture and energy, not only at the physical level, but at the physiological and 
sensorial as well. This is why it has reflected on broad issues such as architecture, 
people, planet earth, late twentieth century. However, its concern is with what lies 
behind and within the complex reality of the relationship between people and energy as 
mediated by the buildings people design and build for themselves to live in.
The role of the proposed framework (as an objective rationalisation of the architectural 
phenomenon) is still unproven, and so it may remain. It is still only a skeleton on which a 
body will be built up as this work (and the work of others) proceeds. The cause-and- 
effect relationship that can be derived from it is difficult to distinguish and many aspects 
are still unquantified.
All that can be ascertained now is that the flow and availability of matter, energy and 
information, in certain definite regions, brings into existence particular types of buildings 
and styles. It has an impact on the context of designers', clients', and users' decision 
making. The flow and availability of these resources restrict the quality of their 
achievements and inclines their choices toward certain directions. Chapters 3 and 4 
consider that the designer's awareness of resource limitation does not directly imply he is 
confirming inadequate or inferior conditions. The notion of compatibility is more 
discerning, impersonal and useful. The use of the framework has nothing to do with 
limiting creativity in design, or denying progress, but has everything to do with 
determining 'what', 'how much', 'where from' 'for what', in a responsible, rational 
manner.
5. 4 - Reasons for the development of Bioclimatic Design
As suggested throughout this thesis, energy is a determinant factor in all architecture, to 
which all people respond, even when they are unaware of it. Humans are very sensitive 
and responsive to the energies of the environment (the term homo energetic us has been 
proposed - coined). When energy is used by people in architecture, it does not mean that 
they are looking for energy, or need energy per se. Generally, what is sought and 
necessary is healthy, comfortable conditions, and energy is just a means to these ends.
In chapter 2, the advent of architecture commences with the use of rudimentary massive 
structures which then, from a technological point of view, became increasingly complex. 
Information was embedded in matter while locally found building materials and
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components gained, through design and craftsmanship, specialised forms and functions. 
As history proceeded, humankind made use of new materials, new methods of 
construction and decided that architecture itself should become increasingly non-material, 
they produced buildings which almost disappear in favour of environmental servicing 
installations.
What are the essential aspects of Bioclimatic Design that seemed to have influenced the 
course of such vast evolution? This thesis has posed an attempt to answer questions of 
this nature about the development of Bioclimatic Design, or, more particularly, about the 
advancement of Bioclimatic Design ideas within the wider context of this evolution. How 
are these ideas related to the fundamental basis of architecture were issues approached 
from the standpoint of present insight and experience.
Bioclimatic influences may have emerged from ordinary consequences of interposing 
matter between the human body and the environment; and this seems to be common to all 
architecture. Subsequently to this and the marked effect of fire, are those more indirect 
aspects brought about by the Agricultural Revolution, where an increased stability of 
residence, ensured by a reliable surplus of energy, induced a cultured architectural 
repertoire and sharper observation and awareness of the microclimatic conditions. It had 
its effect on the development of new solutions and techniques encouraging long-term, 
more efficient integration of buildings to their surrounding environment.
One interesting aspect of this general conclusion is that unlike accessory, unessential, 
stylistic features of architecture, useful Bioclimatic Design ideas and elements, that were 
gradually incorporated into buildings, have been advanced and maintained a relatively 
high degree of continuity as to both form and function in the idiom of valid solutions.
5. 5 - Course of development
Architecture revolves around the dynamic balance of human requirements; from the 
primitive hut to the intelligent office building, material things, information and energy 
forms have been used and transformed in patterns of ever-greater complexity. The 
intrinsic interdependence between the rational use of matter and energy in architecture has 
implied a certain fact, a certain dynamic reciprocity* (see section 2.5); the substantial 
reduction of matter in modem architecture had to be compensated by an extra use of 
energy.
Science has recently realised that matter and energy are simply different aspects of the same fundamental 
reality (see chapter 1) and in all their manifestations, both obey common physical, natural laws.
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One conclusion is that it is essential for architects to know when, how and why energy is 
consumed in architecture. Architecture, in terms of material and energy demands, is by 
far one of the largest users, and no material or energy used in building is free of an 
impact on the environment.
The role of the architect and the corresponding knowledge basis have changed invariably, 
in accordance with these major shifts (in matter and energy use). It started with the 
ancient master builder, a professional who worked with hands and tools; a manipulator 
of materials, a giver of forms to brute matter. Much later, after assuming total control 
over fire, and having a reliable supply of energy, the architect becomes a sculptor of 
space (Renaissance, Gothic); it is the void between the carved, sculptured building 
components that defines his area of expertise. More recently the architect becomes an 
environmental designer, the emphasis is placed on the human requirements inside this 
void. The architect is then expected to be competent in providing the adequate controlling 
devices to the environment that is contained in this void that closely surrounds people; he 
needs to operate beyond his limit of proficiency and work in collaboration with an 
environmental design team. Actually many schools of architecture have recently changed 
their names to 'schools of environmental design'.
Chapter two suggested that the intuitive responses of man - the use of matter and fire - 
sparked the emergence of a distinct world - the artificial world inside buildings; one 
different from the outside - sheltered, more ordered, stable and controlled. These first 
rudimentary steps were gradually improved by information and design; for self- 
preservation, for comfort, meaning, beauty, safety, utility, etc.. What seems to be 
happening now (see chapter 4), is an increasing feeling of incompatibility between these 
two worlds; the quest for a totally controlled internal environment is actually demanding 
too much resources from the other.
Since the advent of the Industrial Revolution (section 2.4), the capacity, extent and 
consequences of human interference with the outside world seems to indicate that 
industrial civilisation is compromising the very continuity of life itself. The 'biosphere' (a 
concept developed by the Soviet physicist Vladimir I. Vernadsky), the livable 
environment of this planet, is becoming more and more influenced and structured by 
buildings and other artificial structures. Huge amounts* of the total energy consumed in 
industrialised countries are used for conditioning the internal environment of buildings. 
This is recognised to cause large-scale economic, social and environmental effects.
Another inference that can be made is that in the last two centuries, Bioclimatic Design 
has shifted focus from concerns with pollution of the indoor environment (getting rid of
* See Szokolay 1992; Prasad and Samuels (ed) 1994.
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smoke from fire, the risk of cross-contamination, plagues, malaises, etc.), to problems 
regarding the pollution of the local environment (sealed, artificially controlled air 
conditioned buildings designed to avoid urban noise, dust, etc.), and ultimately to the 
current and more crucial dilemma of pollution of the global environment (greenhouse 
effect, ozone layer).
Therefore Bioclimatic Design addresses issues from the micro, internal environments of 
buildings to the global, biospheric scale. It offers designers the opportunity to consider 
and act on a significant space/time frame. As the magnitude of the human impact on the 
natural environment, and the level of use of resources has expanded to a global scale, 
Bioclimatic Design issues have been transformed from being personal, local issues, to 
being also problems of global character.
5. 6 - Bioclimatic Design as a discipline
It is important to stress that Bioclimatic Design issues need to be related to the architect's 
own experience with the environment; if there is no accomplished perception and 
understanding of this complex relationship (people, the natural and built environments), 
then the architect's response may result in abstract or insensitive proposals.
This work has discussed the integration of energy in architectural thinking, in a systemic 
way. It has mentioned that energy has always a principle of flow associated with it. It can 
only be properly perceived and understood, as well as adequately used in architecture, if 
designers regard themselves able to correlate it with broader issues (like its availability, 
its usefulness, the consequence of its use to the environment, etc.).
Chapter 3 indicates that the systematic study of Bioclimatic Design is still in its infancy 
and many topics and relationships have yet to be explored. A direct contribution that this 
field of knowledge can offer at the moment is to inform, prepare and advise architects to 
recognise that every choice and decision made from design concept to final realisation of 
a building is a demand on resources. Chapter 4 argues that designers have also to be 
competent in the ways in which buildings relate both to the endeavours and ideals of 
people and to the surrounding physical environment.
This thesis has addressed consistently that the comfort, health and well-being of people 
and the total welfare of the biosphere are intimately related. Social and environmental 
responsibilities must both be recognised and incorporated in the educational and practical 
realms of architecture, and this, more than ever, seems to be urgent.
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5. 7 - Further research
Indeed, it is important to acknowledge that little is known about many issues concerning 
the interaction between people, buildings and the environment, and much remains to be 
understood. Further research and resources must be forthcoming if the potential benefit 
of Bioclimatic Design is to be fully exploited. A good deal of empirical research has been 
undertaken on many problems, and many areas and concepts have been sufficiently
i
developed. From time to time comprehensive books try to assemble some of the best 
material in this field in order to generate more elements for the designer, but they are not 
always widely known or easily accessible.
Bioclimatic Design has already become so broad a field that no single study can provide a 
comprehensive examination of it and its usefulness. By trying to provide an ordering and 
categorising framework, this work tried not only to help to define the goals and some of 
its internal problems, but to stimulate further research, more rigorous descriptions and 
better explanations of the entire field by researchers and practitioners alike.
Taking into account the current interests in topics such as embodied energy in buildings 
and the greenhouse effect, it seems there will come a time when all energy processes 
inherent in the construction, use and operation of buildings will be unravelled in a 
causally explicit way. This will represent a great step to Bioclimatic Design as an 
approach or theory of broad predictive capacity. Chapter 4 concludes that architects 
significantly contribute to the production of the built environment, they have a 
particularly important part to play in reducing the human impact on the natural 
environment and making urban life sustainable.
The challenges facing Bioclimatic Design may be the same as they were before; still basic 
materials have to be gathered and more detailed studies need to be amassed. These 
activities must not be allowed to avoid the crucial problem of how to integrate art and 
science in architecture. This integration and the benefits it might bear, should be the 
essential motivation for a consistent generation of creative designs and research intended 
to fulfil human and environmental needs. In a greater scale, this integration can contribute 
to the development of architecture and the environmental quality of the built milieu.
This question of integration is itself a perplexing and daunting one. A challenge is indeed 
for the key disciplines of Bioclimatic Design and Project Design to work together; for the 
architects to respond to the scientists' information, and for the latter to be prepared to 
reconsider their investigations with the imperatives of a creative design.
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This thesis attempted to make the conflicting social, environmental and professional 
demands easier to interpret. It has adopted an integrative perspective, focused on the 
interaction between the main factors that make up the built environment. A direct result of 
the evolution of Bioclimatic Design in architectural practice and education has been the 
notion that energy is a manifestation of a much broader and more complex problem. It 
brought about changes to the boundaries of design as a discipline, as well as a 
redefinition of the responsibilities of the architect (see chapter 4) towards building 
occupants, the community, the environment and the planet.
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